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Honestly, it's not that difficult to take advantage 
of a 13 billion dollar company. 

Any software developer can do it. Especially when it 
comes to Microsoft. We confess, however, that our 
generosity toward developers is not entirely selfless. 
We believe our continued success depends entirely on 
yours. Develop to the Microsoft® Windows* platform and 
you get access to a whole spectrum of free programs. 
Take MSDN™ Online. It’s a collection of downloads, tools, 
technologies, education and information that's available 
free on the web. Then there’s the Site Builder Network. 
Same deal as MSDN, only for those unique individuals 
known as web developers. Both programs offer you plenty 
of opportunity to take advantage of your friendly, neighbor¬ 
hood software giant. Now who'd want to pass that up? 

To find out how to get with the programs, 
go to www.microsoft.com/msdn/ 


^ 19^ Micro^ft CorporaUHi. AlJ ngfits reserved. Micfoson, MSDht; Wnere ao you Co go lasay^, and W-n^oni^ ws dJiiiet legi&tefed irademarhs or traoetnaiiis or Viicrason Corporation In m« 
United Spates efid/er othet countries. 
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by Conai EUioU 

Fmn, .short for “funaional reactive aniiimtion,'’ is a high-level vocabulary that lets you 
descriix? the essential nature of an animated model, while omitting details of 
pre.sentation. 

A CONVERSATION WITH JOHN KNOLL 34 

by Thomm Teu^U 

As a visujil-effects supervisor for Industrial Light ik Magic, John Knoll lives on the 
bleeding-edge of computer graphics. With bis brotlier Tom, he also created the 
Photoshop image-processing software. 

A WINDOWS 3D MODEL VIEWER FOR OPENGL 44 

byjauied Karim 

Combining Win32 with OpenGL can lead to some impressive 3D graphics. Jawed 
presents a mtxlel viewer for use with OpenGL on Windtrws 95/NT. 

THE KERNEL GRAPHICS INTERFACE 50 

by Andreas Beck 

TTie General Graphics Interface (GGI) project brings safe, fast, and portable graphics to 
a variety of platforms and operating systems. Andreits descTibes KGL the kernel-level 
component of the Linux version of GGI. 

AFFINE TEXTURE MAPPING 58 

by Andre LoMolhe 

AJffine texture mapping is fundanrental to many forms of 3D rendering, including light 
interpolation and otlier sampling type operations. 

INSIDE DVD 64 

by Linden deCarmo 

Altliough DVDs physiailly resemble CD-ROMs, they store up to 25 titties more data. 

Linden focuses on the DVD^Video specification, and presents a DVD-Video player. 
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|jidu,stitil Lig^il & Magic. 
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6«HC»5-BASED PERIPHERAL DEVICES: PART H 72 

by Derrick B. Forte and Hai T Nguyen 

In this two-part article, our authors design a Wmdow^s 95-I^sed Caller ID peripheral 
device built around Motorola's MC68HC(7X15P9 micrtKontroller, TliLs montfi, they 
present the software. 

INTERNET PROGRAMMING 

RENDERING XML DOCUMENTS USING XSL 82 

Sean McGrath 

Responsibility for rendering XML belongs to the extensible Style Language (XSL) 

Standard. Sean presents an overview of XSL and illustrates how it can be used w ith 
MSXSL, Microsoft’s XSL implementation. 
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Speed is essential in all database projects, but not at the^pense of stability. You 
wouldn't try to go 10Q rrtiles per hour with your bicycle! The same is true in database 
technology. FairCom has been delivering fast, safe, full-featured database engines to 
the commercial marketplace for 19 years. Proven on large Unix servers and 
workstations, c-tree Plus's small footprint and exceptional performance has also 
made it the engine of choice for serious commerciBl developers on Windows and 
Mac, Check out www.faircom.com for detailed rnformation. You'll be glad you did, 



Platforms: 


c-tree Plus® key 

- Royaltv Free 

- Pertahle MylthTTireeded API 
' Comprete C Source 

' Tliread Barti Ubr’anea 

- Standelone or Ctient/Server 

^ Complete Transaction Processing, 
including automatic recoverv 

- Savie^pDints 

- Ahort/Ckimmit 


features for $895: 

- RolFforwards /RolITtacIcwards 

- Easy make system 
' Advanced Variable Length Records 
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’ Space Management 
■ Rle Level Security 

- Ccinditkmal Endoj^ 

- ODBC/Java Irrtsrfacea 

- Over 25 Developer Servers fncluded 
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Windows 3.1 
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Half of your Client/Server project is the Server! You control 100% of your Client 
Side. Why settle for less on your Server side? Move your functions to the server- 
side to decrease network traffic and increase performance! 


Today's database demands may often be too complex for traditional Relational Model 
Database Servers, Server needs come In many different sizes and shapes. What 
better way to accommodate these requirements than by allowing the developer to 
take full control of the Server side? FairCom's Server Development System was 
created to meet this need. It provides the developer the means to create an 
industrial strength Server. Complete make-files are included for all FaIrCom 
commercial platforms. With our proven kernel add or override existing database 
functionality or create your own special multUtireaded server: 

Application Server Network Gateway Server Data Warehouse 

Special Web Server Departmental Database Server Embedded Servers 


FairCom Server Development System key features: 

Provides complete source code for all the interface subsystems to the FairCom 
Server. Server mainline, Communication, Threading, Remote function interfaces and 
procedure calls are all supplied in complete C source code together wth the 
FairCom Server sophisticated thread-safe kernel libraries. 
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Onfine Backup 
Disaster Rgccvery 
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AntHDeadlDck Resolution 
Client Side Source 
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Multiple Protocds 
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File Mirroring 


Conditional Index 
Small Memory Footprint 
□EM pricing 
ODBC/Java interface 
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\ Finally, someone 
\ got the message. 



Lami: I 


LL-CiUi r eel iosl at sea. 


O You know ihc greai reaiiires you want in your applications, but 
are stranded duelo liniilaiions in MFC. Siitif^ray SoJhvarT can 
save you w ith a family of MFC e?^tensions that add sophisticaicd 
GUI iunctionality in Just miiuites. 

Have you ever tried to add docking window's, like Microsoft 
Developer Studio? What about shortcut bars like Microsoft Outlook? 
Or nium-selectioii tree controls? Do you want V7 "cool style"' 
toolbars w'ith drag and drop custorni/ation without spending 
months coding? Objcclive Toolkitpn>vidL's these and over 70 
extensions that add the coolest GUI functionality — in just a IVaclion 
of the time it would take you to build them from scratch. New' 
Objective Toolkit goes beyond Objective Toolkit to 

solve some of the more complex problems in the MFC architecture. 


ove r_ 

a dozen products, 

Stitrgniy Sofnrare is fast 
becoming Hie one-stop 
shop for the object-oriented 
developer. 

To lind out how Sihi^fray Sqlhvatr 
can rescue you, surf io our w'eb 
site for free demos, evaluation 
copies and white papers. 




All Stingray libraries oimc vvilh FUlJ. SOtJRCli t’ODL at NO 
ADDITIONAL CHARGE and have a 3t) day money back guarantee. 


If you need grids and charts to present different views of jour 
data — but the schedule is just too tight, then Objective Grid' 
and Objective Cluiri'’^' are for you. You save hundreds of htsurs 
by using the built-in w izards and now' Objective Grid has complete 
Excel fornuila support. 

Do you want to provide graphical layouts in yonr applications? 
Don't spend months struggling with the GDI, use Objective 
DiagriiiiT'^L It comes complete"with zoom and print support plus 
OLE automation to transfer your layouts to other programs. 

When you need to provide a ftill-featured color syntax editor, 
don't spend months writing code — turn to Objective Edif']?L- ^ 



Stingray Software, Inc. • 800-924-4223 • 919-4614)672 • email: sales@.stingray,com 

St i n g ray. co nn 

Ad products and brand names are trademaits and/or registered trademarks of tbeir respective holders. 
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EDITORIAL 


Is It Real Time, 
or Is It 
Microsoft? 


M ove than once, Microsoft’s marketing knuckles have been rapped for its nasty little habit of 
pneannoiincmg pnxlijcts. Not that rebukes seem to matter, if Microsoft's recent 
preannouncemenL for adding “hard'’ real-time capal^ilities to Windows CE is any indicatit^n. 
According to a sorr^what nebulous press release, Windows CE will l:>e a “hard” real-time operating 
system with tlie release of Version 3-0 sometime in the second quarter of 1999 Interestingly, at last 
fall’s Embedded Systems West Conference, Microsoft was careful not to call Windows CE 2.0 "hard” 
real time at all Then suddenly, like pigs sprouting wings, Microsoft was referring to WinCE as a hard 
RTOS at this spring’s Windows CE Developers Conference. (Soft real time is nioa" forgiving than 
hard. Soft real time can miss deadlines in cases where not completing tasks is more acceptable than a 
failure. Hard real-time deadlines, on ilie other hand, must always met. At minimum, hard real lime 
must be deterministic, have ItJW latency, and support nested INTs.) 

When asked about this in a DDJ web site “Online OP-ED” interview^ (http://ww"ft'.ddj,com/), a 
WinCE product manager cleared tilings up, explaining that the 1999 release of W'inCE 3.0 will be 
True” hard real time, implying that WinCE 2.0 is some other kind of hard real time. Yes, by the 
most minimal of definitions, WinCE 2,0 is a RTOS— but it's about as hard as buiter on your 
morning biscuits. 

WinCE has a long way to go before it can truly be called hard real time—especially when 
compared to tried and te-sted RTOSs such as QNX, VRTX, VxWorks, pSO$, and the like, (For 
instance, some WinCE latency figures are measured at from 93-275 microseconds; under QNX, 
comparable figures are at about two microseconds,) In all likelihood, a total l ewnte of the WinCE 
kernel will be reqtiired to bring WinCE Lip to par w ith real RTOSs, But for all w'e know, of 
course, that rewrite Is underway. 

If history has taught us anything about Microsoft, it is that the company has a hard time 
meeting promises when it comes to shipping ope rating-system products—especially when those 
products are announced more tlian a year in advance. Having more resources than most of us 
cun imagine didn't necessarily get Windows 95/9B/NT 5.0 out the door w^hen promised, making 
you wonder why Windows CE should be any different. 

So why does Microsoft keep on preannouncing opera ting-system products so far in advance? 
More tiian likely to free;Ke the marketplace until a minimal implementation of whai's promised can 
be delivered. Clearly, that marketplace would he better served by w'alking the walk, instead of 
talking the talk, 

About the same Lime Microsoft was exhibiting chutzpali in the real-time realm, O'Reilly & 
Associates was down tlie road patting itself on the back over its self-proclaimed “historic” Open 
Source Summit, According to its press releases, O'Reilly brought together “heavyweights of the 
Internet software community...to explore ways of expanding the use and acceptance of open 
source soltware development.” 

No question, this is an admirable goal that deserves all of our support. The invitation-only 
event included the likes of Linus Torvalds, Larry' Wall, Brian Behlendorf, John Ousterhout, Guido 
van Rossum, Phil Zimmermann, John Gilmore, Eric Raymond, Tom Paquin, Jamie Zawinskl, 
Sameer Parekh, Eric Allman, Greg Olson, and Paul Vixie—each of whom deserves accolades for 
his contribution to the world of software development. 

More noticeable, however, was w'ho wasn’t invited. If any single person deserves credit for 
launching the open source software movement, it’s Richard Stallman of GNU and free software 
fame. An “open source summit” without Stallman is like a cheeseburger without the cheddar, 
Wlien, in response to a flurry' of O’Reilly e-mail press releases, I asked by reply why Stallman 
w^asn't invited, the net went suddenly quiet. Inquiring minds want lo know. 

A recent study by Software Succe.s,s (http://w^ww^softwaresuccess.com/) revealed a couple of 
interesting twists. Tlie analysis, compiled by Software Success using data supplied by Dun & 
Bradstreet, showed that the total number of companies competing in the software industry grew 
From 58,779 in July 1997 to 68,765 in March 1998. For the first time since 1993 (when Software 
Success started tracking this data), the rate of growth of mid-sized companies was faster than that 
of startups. For instance, the number of companies with annual sales of under $500,000 (50,482) 
increased 12 percent since July 1997, the number with sales of $1 million-$5 million increased 42 
percent, and those with $I0M and up increased 83 percent. Software Succ^ also found that the 
number of companies in the software-related services seaor grew 45 percent to 19,542, rellecting 
a migration of some fomierly product-based companies to the services sector. 
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Tools.h++ Professional 



for Professionals 


For years. Tools.h++ has provided C++ 
developers like you with rich, robust and 
versatile foundation classes useful for 
building virtually any application.Today, 
your applications must perform in more 
complicated hardware and software 
environments than ever before. 

Now, Tools.h++ Professional gives you 
the expanded and integrated tool set you 
need to meet the challenges of even your 
most complex development project 

Tools.h++ Professional includes Toolsh++, 
with over 130 foundation classes, plus 
Java/C++ interoperability, networking, and 
CORBA tools. Finally, a collection of 
powerful C++ tools that help you quickly 
build solid, portable applications for today's 
complex computing conditions. 

Tools.h++ Professional. Tested and proven 
code, built by C++ language experts. Easy 
portability to most popular platforms. 
Network computing and language interop¬ 
erability solutions, plus fundamental C++ 
building blocks, A wealth of functionality in 
one convenient and affordable toolbox. 

What are you waiting for? 


TooIs.h+-^ Professional gives you: 


Tools.h++ 

• Fundamental C++ building blocks 

• Easy-to-use interface to Standard C++ Library 
Networking Tools 

• Network communication classes 

• Thread-hot Internet classes 


Java/C+4- Interoperability Tools 

• Java** virtual streams 

• C++ implementation of the Java serialization 
format 

CORBA Tools 

• CORBA streaming classes 


Tools.fH- professional contains technology formefiy sokJ separately as Serializeiv-. jlboK. . InterNeth*-. and ORBstreamsi^** 


www.roquewave.coin/ad/best 

Call us toll free in the U.S. at (800) 487-3217. 

Telephone us in Europe: Rogue Wave Software GmbH: +49-6103-59 34-0 ♦ Rogue Wave Software B.V.; +31-20-416 06 57 
Rogue Wave Software SAR.L: +33-1-5568 1008 ♦ Rogue NA^ve Software-UK. Ltd.:+44-118-988-0224 
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Everyone agrees: the future belongs to objecte. 

But today’s application developers have limited choices when it comes to harnessing the power of 
object technology without sacrificing performance, flexibility, or the freedom to use what you like. 

Jasmine™ gives you the power you need with the freedom you want. 

It's the first complete and pure object solution that has It all: 

• The' industry’s easiest integrated development environment lets you drag and drop, and use all 
yo#; favorite tools: native Java support, ActiveX controls, built-in VB integration, and C++. 

• Jasmine is a powerful, true object database, it supports abstract classes, encapsulation, classifi¬ 
cation. inheritance (both single and multiple), unique object identity, methods (including instance- 
level, class-level, and collection-level), polymorphism, and aggregation. 

• An industrial-strength architecture featuring SMP 
support, backup andj restore, security, and-transaction 
management. 

• Built-in multimedia and Internet support; not only can 
you build and package the next generation of multi- 
media business applications; you can run them 
everywhere: Internet, intranet, extranet, client/server 
—all without recompiling. 

Jasmine is real. A proven, complete object-oriented 
database and development environment. Unlike hybrid or 
partial object solutions. Jasmine actually works. 

So you can shorten your time to market and gain a distinct competitive advantage. 

Try it out—pick up the phone right now. Because Jasmine is ready today. 

Are you? 

Call 1-888-7JASMIHE lor yoirFIEE Developer EdWon in 

orvisiiwwMM»Lcoin 



Hroducing Jasmine 

Obiectsf^WorK 


M 





LETTERS 



Dear DDJ, 

In the article “Date Compression and Year 
2CX30 Cliallenges,’’ by Rolieit L. Moore and 
D, Gregory Fdey (DD/, May 199B), I was 
surprised to see the Windowing concept 
referred to as a preferred metliod tor meet¬ 
ing the much cicxser Year 2(XK) deadlines. 
Surprising, only in tliat IVe previously sug¬ 
gested die same method, and your discus¬ 
sion of the approach shows Tm not total¬ 
ly out of touch with reality. 

In Robert and Gregory ’s discussion, one 
aspect of Windtwing may from an 

alternate approach. 

In dealing witli sorting of Y2K-deficient 
data, they mentioned an interpretive pro¬ 
gram would need to be activatcxl for con- 
verting non-Y2K data into a soruible Y2K- 
cotnpliant fomtat. A .sea^ndary interpretive 
program would tlien need to l:>e written for 
converting tlie sorted Y2K-a>mpIiant output 
back into its native format. Instead of this 
approach, if achievable, the following 
would be preferred. 

Have the OS sort utility modified to in¬ 
clude a sort option titai incorporates a Win¬ 
dowing interpretation. In tlie JCL, a one- 
byte field would indicate that sort requires 
tlie sort Windowing option. This field (code) 
would be available for each .sort field. As 
with Windowing, the sort parameters would 
contain a singular Held for specifying tlie 
Windowing (pivot) year. The sort w^ould 
perform an on-the-fly Y2K interpretation 
while sorting the data, without actually mod¬ 
ifying or expanding fde contents. 

I realize many OSes may l:)e in use and 
are no bnger upgradable. With the billions 
of dcdlars which w^Ol need to be spent on 
Y2K compliance, I would think enough 
cbut could be established to coerce some¬ 
one to make the required modifications. 

An alternative, the interpretative pro¬ 
grams (used before and after each sort) 
described in tlie article could be designed 
to utilize the JCL passed codes, similar to 
the sort parameters context in order to de¬ 
termine which fields need to be convert¬ 
ed, By using variable parameters of this 
nature, it wouldn't be necessary to write 
a separate set of programs for each sort. 


Storing the pivot year in the Working 
Storage ^aion was also recommended. If 
only one program needed modification for 
Y2K cx>mpliance, tiiat would be great. How¬ 
ever. tiiousancLs of programs are going to 
1^ modified. To adliere to a Sliding Win¬ 
dowing concept, storing the pivot year in 
Working Storage would require massive 
modifications just to affect a new Window. 
Perhaps a singular file containing tJie def- 
inilion of the Windowing metliod/period 
could be created (for storage of any peri¬ 
odic variable data). Then each affected pK> 
gram would open die file, extract the win- 
dewing data, tlien store die data in Wcwriting 
Stoiage. 

After this was integrated into all pro¬ 
grams utilizing die Sliding Window ing con¬ 
cept, modifying the pivotal year file woukl 
simultaneously affect all prognims. 

Wayne H. Wilhelm 

wh w96.sv (©card net. sta rk, k 12. oh. u s 

Dear DDJ, 

One problem with all the compression 
schemes mcniicmed by Robert L. McX)re 
and D, Gregory Foley in tlicir article “Date 
Compre^ssion and Year 2000 Challenges'* 
(DDJ, May 199H) is that human readability 
Is lost. ASCII only makes use of die seven 
least significant bits of each word, Using 
the most significiuil bit from each of the 
six characters used to represent a date by 
the MMDDYY meilKKl, and using a base 
year of 1900, w^e can extend the present 
inedKxl to 64 centuries. Hopefully in that 
time we can work our a better system. 
Dates printed by a routine that strips off 
the most significant hit will still be human 
readable. 

Lloyd C. Brown 

Lloy d, Brown® gat .com 

Dear DDJ, 

I congratulate Roliert L. Moore and D. Gre¬ 
gory Fdey on their clear, well-written ar¬ 
ticle “Date Compression and Year 2000 
Challenges*' {DDJ, May 1996) that focus¬ 
es on the fundamental engineering prob¬ 
lem of the Y2K “situation." At work, I have 
had to complete many spurious Y2K fomis 
and questionnaires from customers who 
just don’t get it, and who have latched on 
to die four-digit year as a mantra to pro¬ 
tect themselves from Y2K min. With 
Robert and Gr^ory’s article, perhaps 1 can 
teach them to converse rationally about 
the subject (one can always hope). 

However, 1 was disappointed about a 
slight omission in die discussion— the is¬ 
sue of liackward compatibility of storage. 
As mentioned in the article, there are two 
goals in programming a Y2K fix: to pro¬ 
vide a representation for all dates the sys¬ 
tem could possibly need, and to do this 
with a minimum of programming effort 


(including software maintenance). Tlie au¬ 
thors also mention diat compression medi- 
ods can reduce the amount of coding re¬ 
quired to fix Y2K problems. You can 
reduce tliat effort ev^en further if you don’t 
have to convert all your persistent data to 
a new representation. 

All of the compression rnetliods provid¬ 
ed in die article use die entire “value space” 
of each representation. As such, they all 
collide w'ith the legacy representation. For 
example, tlie six characters “012001” could 
mean January 20, 1901 (MMDDYY) or Jan¬ 
uary 1, 1912 (CYYDDD) or lanuary 20, 
12337 (MMDD l6b-year), So tliere is no 
way to examine a date to determine the 
encoding scheme used. Implementing these 
represeniatinns requires that all existing 
data lx.* converted liefore the new software 
may be used, and that die old software Is 
fully retired before die change. 

NariK-space techniques can be used to 
remtive diis liurden, by designing die new 
representation to lie complementary with 
die legacy representation. A*s mentioned in 
the article, the MMDDYY format makes 
very sparse use of die 48 bits required for 
storage; all <jf the methods described by 
die audiors can be mrxiifieci to exclude the 
normal MMDDYY representations from 
their “value space” and .still retain suffi- 
cietidy large ranges of dates. For instance, 
modify the CYAT3DD format so that val¬ 
ues of C slart at “2”; values of “0" and “1” 
would indicate data in the old format. This 
still provides 900 yeiirs of dates, but allcws 
the program to read data in Ixjth CYYD¬ 
DD and MMDD’^T formats. Similar tricks 
will work with each of the other formats 
described—I leave the details as an exer¬ 
cise to die reader 

By using a iiackward-compadble com¬ 
pression sAeme, die need for updating ex¬ 
isting data sources to tlie new' representa¬ 
tion us removed. To implement die fix, we 
only need to reprogram die data interface 
(read from/write to storage), possibly ad¬ 
justing the interruil date format and user out¬ 
put to accotint for the increased range of 
dates, Tlien release die revised program to 
useis. In my experience, this is die minimum 
effort required to correct a Y2K deficiency, 

Curtis S, Carney 

awiggm@slip.net 

Java and CORBA 

Dear DOJ 

in “Building Distributed Applications with 
Java and CORBA” (D/jy, April 1998), Bryan 
Morgan does a gcxxi job with oudining to 
intricacies of CORBA. I do find, however, 
that 1 cannot agree with some of liis state¬ 
ments and findings. 

First, CORBA is not a vendor-independent 
operating system. Tlie Objea Management 
Group (OMG) never intended CORBA to ve- 
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Making Software Work Together 


Making Softwane Work Together ~ ifs that simple. No matter how or where your systems are implemented, 
OrbixOTM will bnng them together. Mainframe to Windows, Unix to Web ^ application integration has never 
been easier. Which allows you to focus on what really matters - using the best technology in the right place. 
And OrbixOTM lets you evolve your systems over time, adding new ideas to the reliable solutions that your 
business is built on. 

But OrbixOTM does more than just integrate. It provides a complete enterprise solution, tt features extensive 
and natural support for transactions, security, and systems management. There's advanced deployment 
support, load balancing and fault resilience. Which all means distributed object technology is now a long way 
from the lab. It's providing competitive advantage in the real world. 

To ofder an evaluation copy of OrbixOTM, or for details of our upgrade programs please contact: sales@iona.com 
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IONA Technologies at 
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(continued from page 10) 
place the ocie operating s>^tem of any node 
in an n-tier client/server environment. 
Bryan's statement can leave someone diink- 
ing tliat COEBA can replace NT or UNIX. 
Had Bryan slated that CORBA provides a 
vendor-independent environment for inter- 
object management across a network, 1 
would have agreed with him. 

Secondly, the proper use of the Inter¬ 
net Inter-ORB Prorocd (HOP) Ls somewhat 
of a religious war among CORBA propo¬ 
nents. Bryan flippantly discusses HOP as 
a “wire-level protocol that resides on top 
of TCP/IP.” He further states that HOP “lets 
one vendor’s CORBA 2.0-compliant ORB 
exchange objects with another's.” Bryan is 
certainly stating \hc promise of HOP rather 
than the fact. Ijci’s look at the facts: 

• Since CORBA is a suite ol'guidelines and 
does not dictate hem a vendor should im¬ 
plement its CORRA-compliant solutions, 
inter-operability amcjng ilie various OliRs 
is less than ideal “even witli HOP. 

• HOP is a good beginning lt>ward ad¬ 
dressing ORB in ter-operability', hul falls 
short of synchronizing such C^ORBA ser¬ 
vices as security and time across ORBs. 
Companies building CORBA-based ap¬ 
plications are advised to choose a sin¬ 
gle ORB vendor and rermiin as homo¬ 


geneous as possible. Mixing and match¬ 
ing ORBs is risky business in today’s 
client/server world. 

• One of the original intentions of HOP 
was to build a bridge between CORBA 
and the Distributed Computing Environ¬ 
ment (DCE), CORBA proponaits recog¬ 
nize tliat while DCE is falling from favor 
in the w-tier client/server environment, it 
provides mature network service^s for 
building and managing dienUserver ap¬ 
plications. DCE, unlike CORBA, is an in¬ 
dustry standard rather than a suite of 
guidelines. As an industry standard, DCE 
Dmits tlie impleinentation variation acToss 
vendors, Moretwer, some of the most ro 
bust security^ and autliorization facilities 
have grown out of the DCE standard, like 
Kerix,TOS, 

* Many CORBA-compliam vendors cur¬ 
rently have stal>le prc^ducts for CORBA 
LO—fewer have stable products For 
CORBA 2.0. Since HOP is pan of the 
CORBA 2.0 specification, it would not 
make sound business sense lo use HOP 
to integrate ORBs fnjm two or more 
ventiors w ithout knowing how each ven¬ 
dor has implemented their respective 
CORBA .services (this defeats the pur- 
po.se of encapsulation at the ORB ser¬ 
vice level, a foundatitm of object man¬ 
agement). 


CORBA is certainly the wave of the fu¬ 
ture. Since CORBA is an evolving specifi¬ 
cation, it Ls important tliat forethouglii and 
prudence are used to ensure tliat we build 
feature-rich and robust object-based 
client/server applications. As Java replaces 
C++ as the developer's tool of choice for 
building client/server applications, we musi 
create greater awareness of what is real 
and doable, versus what is promised. 
Ricliard S, Kravchuk 
richard. kravchuk@ey.com 

Windouf Sizes attd the Registry 

Dear DDf, 

Tlianks to Al Stevens for the info in his April 
1998 “C Pi'ogramming” column on hw to 
sdve tlie prolilem with a window tliat axild 
eitlier lie maxiniized or minimized, f had a 
clean install of Microsoft office on my ma- 
diine. The only problem was that Micrexsoft 
PlK.)to Editor refused to be anything but 
maximized or mininiizcxl. After leading Al’s 
column, I searched ilie registry and found 
InitiaIPosiiion=655(X),2,66n2,565-1 deleted 
that and all is well now. Not a big deal, 
kind of annoying, so 1 never went too far 
in finding oitt the piohlem. 

Kevin fk-ck 
KI^eck@ bridge, com 
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PCYACC^ Version 8.0 


PROFESSIONAL LANGUAGE DEVELOPMENT TOOLKIT 

“Drop tn’^ Letngitage Efigin6S for SQL dBASE, POSTSCRIPT, 
HYPERTALK, SMALLTALKS, C^, C, PASCAL, PROLOG, FORTRAN, 
COBOL, BASfC, SGML, ASK RPG, REXX, PLl, SKA, RTF, WSWAL 
BASIC, SQ12, DB2, VHDL, HTML, VMRl, JAVA, ODMG-ODiJOQL, SOL3, 
MODULA-S, DELPHi, VBS, and ADA. 

PCYACC Version 9,0 is a Domplete Langjage Development Environmefit that 
generates C. C++. Java, DefphI, Visual Basic, and VBS source code tram input 
Language Description Grammars for building Assemblers, Cornpllers, Interpreters, 
Browsers, Page Description Languages, Language Translators, Syntax 
Directed Editors, Language Validators, NaiuraJ Language Processors, Expert 
System Shells, and Query fangueges. 

■ Portable Object Oriented Classes for C++ and JAVA - Error, Symbol 
Table, Syntax Tree, Yaco, and Lex, 

■ Debugging tools include runtime Visual Parser Debugging, Abstract 
Syntax Tree generation, and Cross Referencing. 


CodeCheck® Version 8.0 


SOURCE CODE ANALYST 


ioclodos **Drop-ln " Rufes for Compliance analysis. Adherence to 
specificatUma, Measures of complexity. Silent error deWctlor\, Code 
maintatnabiilty, and PortabUlty. 

CodeCheck Version 8.0 Is a programmable tool for managing all C and C++ 
source code on a file or project basis. CodeCheck is input compatible with all 
variants of K&R, ANSI C and G++. CodeCheck is designed to solve afl of your 
Portability, Maintainability, Complexity. Reusability, Quality Assurance, Style 
Analysis, Library/Class Management, Code Review, Software Metric. Standards 
Adherer^ce, and Corporate Compliance Problems, 

■ Campllanoe » CodeCheck allows your corpoiale coding and project 
specification standards to be comptetely automated for compliance 
validation. 


CodeCheck includes pne-written expert system Rule Files that esm be applied 
to any C or C++ project 
JO day Money back goaranteel Free 
AIR Shipping any¥d\ere in the woridl 


www.abxsoft.com 
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DOS/WIN 16 

$495 

$495 
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OS/2 

$095 

$995 

WIN32 
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$995 

UNIX/VMS 
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$1995 


9 

4T» 

TEL 


ABRAXAS' 

Software, Inc. 

47Ke S.E. DtViatonSI., Porttand. OR 97206 
TEL (SB) 232-0540 ■ FWt (503) 232-0543 
E MbH: aalesS'abxsart.ccifn 

To Order Call 1 ^ 800 ^ 347-5214 


12 


Dr. Dobb'sJoumalJuty 1998 

























JPEG 

DICOM 

DIB 

EPS 

AV3 

\CO 

CUR 

DCX 

tMG 

rocA 

MODCA 

FAX'” 

WINFAX 

CALS raster 

GEM 

PNG 

PSD 

MAC 

Photo CD (PCD3 

FlashPix (FPX) 

Exit 

TGA 

RAS 

PCI 

CMP 

BMP 

OS2 BMP 

PCX 

AWD 


WMF 

WPG 

AVI 

WAV 

MIDI 

MSP 

VDA 

GIF 

-EmbedtJed Text 

-Ariimated 

-tr^tericiced 

-Transpofencv 

TIFF 6.0 

'MPT 

-JPEG 

-Pdckbits 

-Huffman 

’RLE 

-LZW 

‘CMYK 

-CCITT 

-CCirr 9310 
-can 9320 

-CCITT 94 
-Gifonal 
‘Grayscale 
RGB 
-YCbCr 
-CIELAB 


IMAGE PROCESSING 

TRANSFORMS 

Including [©size, resompl© (interpo¬ 
lated resize), rotate f.01 degree), lip, 
invert tieverse, crop, underlay, shear, 
transpose, flit auto destew and com¬ 
bine bitmap Cwrlh mathematical and 
Boolean operations]. 


FILTERS 

Including sharpen, blur, brighten, 
darfcien, invert, hue and satuTotton, 
Intensity^ contrasty gamnna 
correction, histogram epualtee, edge 
detect line detect, emboss, mosaic, 
postsrlze, medlon and note© filters, 
spattat fitter (virhich can be pre¬ 
defined such gradient, loptaclaa 
sobet prewitf, shift artd d)ffererx;e, 
line segment, or they can be 
customized), and more. 


DRAWING 

Draw dtrecfly to a bitrnap surface 
using any of the windows GDI 
functions (such os TextOut, BitBEt. 
EHIpse, and Rectonglej. 

REGION OF INTEREST 

Process only a specific portion of an 
Image rather thon the entire bitmap. 
Regions can be comprised of ony 
combirtatlon of lectongles, eJHpses, 
rounded-rectangles, freehand 
shapes, potygor^s, transparent ct^or 
arKi more. 



ADDING IMAGIN6P 


not without 



If voci have an Imaging project In front of you, choose the #1 toolkit in the market. 
LEADTOOLS is an award winning Imaging toolkit that puts more than 7 yeara of 
development and millions of lines of code at your finger tips. You will sove countless 
hours and hove access to the best Imoging technoiogy available. Imaging 
technology that Mtcrosoff, Hewlett Packard, Corel. Xerox and tbousarrds of others have 
chosen for their products. With LEADTOOLS, your project Is almost done! 


VIEWIMG Er SPECIAL EFFECTS 


SCANNING 


LEADTOOLS provides optimized rendering 
of ony Image to all disptay devices with 
monitor calibrations, auto-ditherlng, 
scaling, zoonning, scrolling, and anlmofion. 
Choose from 113 Point Etfecis, 64 Dissolve 
Effects, and 24 Transition Effects, including 
pushes, piiis, wipes, splits, blinds, crushesv 
rolls, circuiofs. diagonals, stretches and 
many more with delays, grain sizes, poftem 
brushes (up to 64 posses), o colored wand 
and a frarsparent colbf. The combirxitions 
are unlimited. Other Special Effects 
Include: 3D Shapes, 3D Rotated Text. 3D 
Frames, Grodlent ond Pattern Filled shapes 
and much more. 

INTERNET/INTRANET 

LEADTOOLS feotures a Net Aware ActfveX 
and a Netscape plug-in for 
Intemet/lntranet applications, including a 
Bitmap Datopath allowing images to be 
reod from any URL Progressive JPEG, 
Progress^e CMR and support for GIF 
Interlace, transporency. animotton. ond 
embedded text, A FeedLoad function has 
been created to allow Image data to be 
displayed as it Is being transmitted across 
the net. 

DATABASE 

LEADTOOLS has specific features designed 
for the imoging database devetoper: VB 
data binding, 32-bit ODBC, a customized 
OLE 2.0 In-place server, Load/Save 
memory, and Lcod/Sove file offset. 

LEAOfOCXS a ixickfid 143 by a 30 -clay money bock, 
gixvniee |US Si Canada only} cdxiFirSE t^hnicoraupponiE 
QvQioErievfcs phono, rox. intemer. CompL^vQcxS^- 


LEADTOOLS supports high speed scanning 
using ISIS and TWAIN. TWAIN includes both 
16 & 32 bit native and buffered RAM 
transfer rrxxles. 

PRINTING 

LEADTOOLS performs all Image processing 
necessary to prtnf directly to any Windows 
supported printer, with the ability to print 
text and multiple images on the same 
page. 

COMPRESSION 

LEADTOOLS Offers more compression 
options than any other toolkit on the 
markef. In both standard and proprietary 
formats. 

THE POWER OF LEADTOOLS 


LEADTOOLS is o colSection of more than 
400 functk:Mis, properties and methods 
that provide low level functions for 
complete control, ail the way to the 
highest level functions for eose of use. 
Imaging Comnnon Dialog Boxes, (new to v, 
9,0) greatty simpHfies Integration. Royalty 
free and ovallat^e os 16 8t 32 bft DLLs, 16 & 
32 bit ActiveXs, and o VBX and Includes 
extensive source code examples for 
Microsoft Visual C/C-n-, Borland C/C- 1 -- 1 -, 
Microsoft Visual Basic, Borland 
Delphi, Microsoft Vlsuoi FoxPro, Microsoft 
Access, VBand Java Script. 


NOWFEATURCNG 
EASY TO USE yV, 


LEilTIBUlllfiM 


lALOGS 







■'LE-ADTOOLS iii at] indj.>tpt.'ru;ablc 
tool, we used il in ihc dcvclopmenl of 
our Frontpage appl ication“. 

Tom BufiOif 
Direcior of Marketing, 
inlemet F^atfarm ntfr Tiiuis tUvisiUn 
Mk'msofi 


'The file format support is phenome¬ 
nal, LEADTOOLS gave Micrografii’s 
dpplicationii (like CrtutaCard"'^ and 
Pkturc Publisher™] ihe flt^iibilUy to 
imptin and cjtpcyrt a wkk variety of 
establkhcd and new file fortiuiis with 
case. Their format implementations 
Bie complcle and pcrtbniiance Great I" 

Aftih' 
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Cftn^rumer PniducU: 

Mivm^afx 


S FlashPix™ MODULE 
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VIDEO MODULE 

Jnliegrotie exiisTded rrmillmedlo oopabiiniDS. 

* Mcrfon video ecSlIng. 

* n^Qcord, Cteare, Ecde. PlcTymd Soys AVI lies 

* RecCTdL Ptoy^ and serve WAV (Bes. 
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• tsocumanf Hnoglno. 

•^rmototon 

* XsotTextSittge^ OCR. 

“ei'tonaf Filters. 


Order now: 800 - 037-1837 

900 Baxter St. Charlotte, NC 28204 
704-332-5532 Fax; 704-372-8161 CompuServe: "GO LEADTECH’’ 
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Special Offers, 
Evaluations, 
Demos & more! 
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Paradise Pick 
of the Month! 



ActiveReports 

by Data Dynamics 

For VB developers who need 
10 generate a wide variety of 
reports fronn tiieir applications. 
ActiveReports is an ActiveX 
Designer that is powerful and 
easy to learn. Unlike ariy other 
report writer, our product takes 
fufi advantage of VB's powerful, 
familiar language 
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Paradise No. Mfl7 0n2*FT 
Visual Studio 97 Pro 


by Microsoft Corp. 

* Price after $ 100 mamfamrer's rebate. 



ActiveToolBars 

by Sheridan Software Systems 


Programmer's Paradise 

the developer's definitive source for software! 


WISE liTsta nation 
System Enterprise 
Edition 

by WISE Solutions 

The WISE Installation System 
Enterprise Edition incorporates the 
award-winning WISE instaNation 
System, and the tools required for 
any type of application deployment. 

Tha Enterprise Edition includes SmartPatch. 
Web Deploy, and SetupCapture, The WISE 
Installation System creates professional 
installation programs for Windows, 
Windows 95. and Windows NT, WISE 
is a comp lately Windows-based installation 
adi ting/lest log environment 



Paradise No. 
GtD0Z30-fT 

$645 


PtuginWizard" 

by Asgard 

Harness the power 
of ActiveX controls in 
Netscape Navigator. 

Asgard Plugin Wizard will 
quickly ganarate Netscape 
Plugins from your own 
or 3rd party ActiveX 
controls, The standard 
edition directly creatBS 
a non-scripting plugin 
executable, while the professional 
edition generates full LiveCortnect 
plugir) source code. RoyaEty free! 
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Paradise No. 
A66 01ia FT 

$235 


Visutil SlickEdit 

by MicroEcIge 

This award’Winning editor increases 
developmenl productivity, reduces 
costs of software maintenance and 
improves software quality through 
powerful features, softwara 
standardization and compatibility 
with your existing environment. 

Software Stanttardizatioft 
With its multi-platform presence, integration 
with industry leading development ertviron- 
ments and compatibility with version 
control systems. Visual SlickEdit provides 
your entire organization with a standard 
coding environment. 



Paradise No. 
M39 01Z2 FT 

$285 


Pro Essentials" 

by GiguSofi " 
rS-and32-bltDLL. OCX. VCL 
and VBX interfaces providing 
charting functionality with 
consistent visual quality, 
real-world practicality, and 
overall professional appeal, 

Suited for engineering, 
financial, data-acquisilton. and information system deivelopment. 
Be sure to find the best tool for your important development 
needs. Download a demo |50DK] or gat a 
fuNy functional evaluation edition [3Meg| at 
www.pparadise.cDm/publishers/gigasQft Paradiee No. 

G0401t0-FT 



$345 


ClassMagic 

by Object Dwirirtita 
Assemble Windows applications. 
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using your current tools, libraries 
and code I Cut in half the code 
ynu write—creatB modular, 
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classes from interconnected 
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together. Includes the 
ClassMagic engine, library 
of reusable software parts, 
source samples, complete 
documentation and much more. 
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VBTools 6 

by BeCubed Software 
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today with any of the more than 60 
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Multi'Edit 8 is the only 3Z-bit 
source-code editor a programmer 
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and other tools in the background. 
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guage-specific Smart Indenting, Template Editing, 
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Spread v2.5 

by FarPaint Technologies 

A complete spread sheet control 
for most environments that 
support a VBX. OLE control, or 
Dll, Use as a spreadsheet to 
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Spread Designer. Formulas, sorting, 
and full-print support too. 
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RobaHELPM 

The Best Selling Help Authoring Tool* 

FloboHELP is the fastest and easiest way to create online Help for any 
platform. RoboHELP turns Microsoft Word into a full-featured authoring 
tool capable of creating professional Windows Help^ WebHelp^ 

Windows 98 Help (Microsoft HTML Help}, Netscape NetHelp, printed 
documentation, intrar^et/lntemet Web sites, and Wndows CE Help— 
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RoboHELP Office 6.0 
The Complete Help Authoring Solution 

RoboHElP Office provides a complete Help authoring solution with a 
suite of powerful tools for authoring nine professional Help formats, 
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ActiveX Pro 52 

by LEAD Technologies, Inc, 
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category. LEADTOOLS is an integrated 
development toolkit with more than 
500 functions, properties and methods. 
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Video support. 
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Ooc-To-Help 

by Wexteeb Systems 

Create HTML Help. Windows 
HelpforgS.NT3.S1/4.Qand 

3.0/3.1, HTML, and printed 
documentation from one file, 
at the touch of a button, with 
Ooc-To-Help 3. Wexteeb, the 
Microsoft acknowledged expert 
in HTML Help authoring, 
incorporates our ej^erience 
in Doc-To-Help 3, enabling you 
to create great HTML Help 
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Codewright Pro 

by Premia 

You'll work faster and easier 
when you use the right 
programmer's editor, 

Codewright, Now you'll 
browse code faster with 
Outline Symbols. It gathers 
information about your Ciode 

in the background YouTI juggle changes with ease, with 
Difference Editing. It lets you selectively combine the changes 
from two revisions. The new Bookmarks Window lets you view 
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Visual C4-I- IDEs. With the help of the API 
Assistant, making complex function calls is 
as simple as filling in a form. 
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RoboHTML 

by Blue Sky* Software 
Easily Create 
Windows 9& Help 

RoboHTML is the only product 
specifically designed to create the 
new Windows 98 HTML Help standard. 

RoboHTML provides a rich WVSIW/G 
editor with full drag and drop support, 
automated project management, and 
complete tasting features, Unlike HTML 
editors, RoboHTML has built-in support for all Windows 98 
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Contents; multi-level Indexes, and Related Paradise No, 
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test configurations, and more. Advanced features 
include e-mail notifications, e-mail bug import, 
duplicate bug handling, release note generation, and 
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reporter to your customers to automate customer 
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easiest bug tracking solution to use and maintain. 
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by Mansfield 
Software Group 
Includes both 32-bit 
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List Pro 
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rrrake display more user friendly. 
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Microsoft Jet Database Engine or 
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A News & Views 


And the Winner Is,.. 

Tlie West Coast trountied the East Coast 
for the sevenili lime in ten tries at The 
Computer Museum's Tentli Annual Com- 
puter Bowl a trivia contest held in Boston 
(West Coast fans gathered in Silicon Val¬ 
ley at Moffett Field's Hangar One lo par¬ 
ticipate via vicleo simulcasi) dial pits teams 
of five industry luminaries against each 
other, 'file West Coast, garbed in cowboy 
hats and led by Netscape cofonnder Marc 
Andreesen, dominated the event, heating 
the fri]ly-shLrt-\ve;iring East Coast, 230-70. 
John Ratzenberger (aka Cliff Clavin. mail¬ 
man and ti'ivia buff from the TV show 
Cheety) was master of ceremonies of the 
event, asking questions ranging from the 
highly teclinical C'^How many times more 
bandwidth does a T1 line have than a 
56 kilobaud modem?") to the liighly ah- 
score fjHow many microprocessors are 
there on Mars?”). Pride and Fine food were 
at stake, which raises money for the mit- 
scum — Sunnyvale. California, Mayor 
James Roberts won a lobster feast Irorn a 
bet with Boston, Massachusetts, Mayor 
Thomas Menino. For more information, 
see http://w . compiiterbow 1 .org/ . 

Biometric Security 
Moves Forward 

SAC Technologies (httpV/w'w^csacman 
,conV),.a biometrics security compiiny lliat 
provides technobgy for net^^ork and cc>m- 
puter security widiout die . use of pin num- 
beis, passwords, or tokens, has received 
certification from the IntcrnalionarCom- 
puLer Seojriiy AssrKiaiJon (http:/Aww,ics^t 
neV). Certification was in the one-to-many 
tdentification category^ identification is the 
prcxess of .comparing the biometric char¬ 
acteristics of an unknown individual 
against Gharacteristics stored in a database 
to determine liieir identity. Identification 
asks, '‘Who i.s this?" and establishes 
whether mere ihan one biometric record 
exists, thus denying an individual! who is 
an;em]iting to pass himself off widi more 
dian one identity. 

Don’t Blink 

A "PIN-less” automatic teller machine 
(ATM) has gone online at die Nationwide 
Building Society bank in Great Britain, 
rhe system, designed by NCR, uses a bio¬ 
metric iris-identificadon system de^loped 
by Sens^ir (http://vv%W-Sensar.com/). To 
Ltse the system, Ixink customers simply in¬ 
sert their ATM card into a reader and a 


camera moiinted in die machine compares 
the customer’s iris (one of tlie Few liuman 
Ixidy parts to remain unchanged as aging 
occurs) with records in die databank. Hie 
process takes as litde two seconds, 

Sensar uses iris-recognition software de¬ 
veloped by IriScan (http://\\'ww. iris can. 
com/), Hie software is also Ix;ing tested in 
Viiginia by Spring Technologies as an au¬ 
tomated fare-collection sy.stem in mass- 
transit applications. Hie goal of this auto¬ 
mated system^ caOed “TranScanA is to 
ex]ieciite commuter eniiy^ and exit at sut> 
way and train stations by minimizing and 
eventually eliminating the commuter’s 
need to insert a card, pass, or token. 

Macro Writing Contest 

Premia Corp. has announced a macro 
writing contest for Prcmiia's Codewright 
Programmers Editor. The conte.st is lie-, 
ing run in cfonjunction with the atidition 
of Perl, AppBasic, and API (C-tike) 
macros in Codewright 5.T The grand 
prize for the best inaci'o is $5000, ot' one 
of a number of other prizes. In addition, 
there will lie first, second, and tliird place 
prizes lor macros written in each o( the 
three macro languages, Sulimis^sions must 
be received no later than August i, 1998. 
Winners will be annoimced at the SO '98 
East Conference in Washington, D.C. on 
August 18, 1998. For more information, 
see http r/7w^ w . p reniia, co nv. 

E-Stamps on the Way 

The U,S, Post Office has approved electronk" 
p<)stage stamps te-stamps) for testing and, 
if things go as expected, w'e'll he printing 
our cMm stamps using PCs and tlie Internet. 
E-stamps include tlie postage amount, rtime 
and zip code of the local post office, date 
the postage was piinted, and rale category^ 
(fust class (X wlmtev^erj In addition, e-.siamps 
will have electronic bar crxling of the sajue 
information els well is tlie idaitification num- 
lier of tlie printing dei^ice imd a digital pat¬ 
tern tliat will make each envelope unique 
and haid to counterfeit. 

Hie system approved for testing, called 
“SmartStamp,” was developed by E-8tamp 
Coqi, (http77wvvw,e-stamp.coTTiO. C9tlier 
approaches, such as Postage Pi us From 
Neopost (http://WWW.neopQst com^O* are 
coming online too. SniartStamp requires 
dongle-like hardware tliat fits ijiEo a print¬ 
er port, serving as an electronic % ault for 
postage. PostagePlus, on the otlier hiind, 
requires no additional hardware. Cus¬ 


tomers will liave an account with e-shmip 
companies and can dnwnkxid postage into 
this vault via the Internet, 

Deja Cygnus 

Over tlie kist Few years. Metmwerks’ Code- 
Warrior (lutp:/tyv'\w.tm"travverks.cc)tTi/) de¬ 
velopment tools liave been extended Ifom 
their Mac origins to include support for a 
wide array of languages (C, C++, Object 
Pascal, and Java), processors (including x86, 
PoverlKI, MIPS, and Java YM), and systems 
(BeOS, Pem^erStation, Windows, and so on). 

One of CodeWairioris liiggesr competi- 
tprs is GNU GCC, which has good sup- 
port for croas-compilation to a variety of 
processors. To better appeal to compa¬ 
nies diat liave standardized on GNTI GCC, 
Metrowerks now^ officially supports the 
GNU CrCC compiler from witJiin the Code- 
Warrior environment (as an alternative to 
Metrowerks' own compiler). A mw mb- 
.sidiaty, Quomm Technologies, has been 
formed for die express purpose of sup¬ 
porting GCC witliin CcKleWanior. 

Cryptographers 
Crack Cell-Phone Code 

Taking only aliout six hours oi work. cry[> 
rographers at the University of California 
at Berkeley ancked Globid System for Mo¬ 
bile Communications (GSM) codes, en¬ 
abling ihcfTi lo "done” a digital cellphone 
and make unauthorized calls from anoth¬ 
er phone. In tlie pn.x:ess, Im Goldberg, 
David Wagner, and Marc Bricetio also dis¬ 
covered indications that the code may 
have been intentioruilly weakened during 
its design. The GSM digital standard is the 
most widely used in the worid, widi more 
than 79 niillicm phones in use. 

Worldwide PC Sales Climb 

Accx;>rding to a recent report by market- 
research finn Dataquest, sales of person¬ 
al computers continue to grow at double¬ 
digit rates. Overall, says Dalaquest, 
woildwide PC shipments were up 14.1 
percent for the first quarter of 1998, com¬ 
pared with the SEime period in 1997. U.S. 
grovMh was 16,2 [lercent. 

As for who s leading the vendor pEicfo 
Compaq maintained its market-share lead 
witli 12.5 peircnt worldwide and 17.1 per¬ 
cent in file U.S, Dell Computer weighed 
in wifii an 11.7 percent in tlie U,S. World¬ 
wide sllipnients by Hewlett-Packard Eind 
Dell were up 72 percent and (d 6.1 percent, 
respectively, over the last year. 
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Composing Reactive 
Animations 


Programming for greater 
freedom of expression 

Conal Elliott 

T here'5 nt^ question that compuier graphics—especially 
interactive graphics—is an incredibly expressive medium 
with potential beyond imagination. However^ few people 
are able to create interactive graphics, so what might be 
a widely shared medium of communication is instead a tool 
for specialists. The problem is that authors still have to wor¬ 
ry about iiow to get a computer to present content, rather than 
focus on the nature of the content itself. For instance, behav¬ 
iors such as motion and growth are generally gradual, con¬ 
tinuous phenomena; moreover, many such behaviors go on 
simultaneously. Computers cannot directly accommodate ei¬ 
ther of these basic properties, because they do their work in 
discrete steps rather than continuously, and they only do one 
thing at a time. Grapiiics programmers consequently have to 
bridge the gap between what an animation is and bow to pre¬ 
sent it on a computer 

If the kind of programming in use today (like that described 
in the accompanying text lx)x “Models versus Presentations" on 
page 25) is unsuitable for most potential authors, then we need 
to move toward a different form of programming. Alternative 
forms must give autliors freedom of expression to say what an 
animation is, while invisibly handling details of discrete, sequen¬ 
tial presentation. In other words, these forms must be declarative 
(“what to be"), ratlier than imperative (“how to do"). 


Canal is a member of the Microsoft Research Graphics Group. 
He can be contacted at comiMmicrosqft.com. 


tn this article, 1 present one such approach to declarative pro- 
gratnming of interactive content. Fran (short for “functional re¬ 
active animation") is a high-level vocabulary that lets you de¬ 
scribe the essential nature of an animated mcKlel, while omitting 
details of presentation. And because this vocabulary is embed¬ 
ded in a modem Functional programming language (Haskell), the 
animation mcxlels are reusable and cc^mposable in powerful ways. 

Fran is freely available (with source code) as part of the Hugs 
implementation of Haskell for Windows 95/NT (http://www 
.haskell.org/hugs/). Newer versions of Fran may be found at 
bttp://wwwa£aearch.niicrosoft.com/--conal/Fran/. The underly¬ 
ing ideas fomi the basis of Micrcjsoft’s DirectAjiimation, a COM- 
based programming interface accessible through conventional 
languages like Java, Visual Basic, JavaScript, VBScript, and C++. 
DirectAnimation is built into rntemet Explorer 4.0, so you may 
already have it. 

Tltere are three ways you can experience this article: 

• in this printed version, examples have an accompanying se¬ 
quence of snapshots. By scanning tliem from left to right, top 
to lx>ttom (First row, second row, and so on), you'll get a sense 
of motion. 

• On the Wel> (http://www.re 5 ea 1 eh.mic 10 sQlt.com/-~CDr 1 al/Fran/ 
tutorial.htm), examples are illustrated by animated GFs, show¬ 
ing animation over time, but not interactivity. That version of lliis 
article also contains additional discussion and several animations 
not in the printed veision. 

• Finally, you can run the examples and interact with or mod¬ 
ify them. After installing Hugs (available at http://www 
.haskell.org/hugs/), double-click on the file tutorialhs in 
the subdirectory lib\Fran\demos. At the > prompt, type 
^niain" and press Enter. The examples will begin running. 
Press Spacebar, “n,” or right arrow to advance to the next 
animation, and “p" or left arrow for the previous one. If you 
want to display just a single animation (leftRigbtCbarlotte, 
for instance), then close the animation window and enter 
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“display leflRighiCharlutte". You can alter the defimiion in 
an editor, save the result, enter to the Hugs prompt, and 
“$$” again to display the new version. For 213 examples hav¬ 
ing a user argument u, use di:p£ayU instead of display. Sim¬ 
ilarly, for 3D examples, use displayG if there is no user ar¬ 
gument, and dispkiyGU if there is a user argument. 

The First Example 

111 start with tlie animation in Figure 1 called leftRightCbarlotte, 
which moves Charlotte from side to side. Listing One (listings 
begin on page 20) defines a value called leftRightCbarhtte to 
be the result of applying moveXY to three arguments. (In most 
t>iher programming languages, you would instead say some- 
thing like ‘'moveXY(wiggle,0,charlotte)".) 

The function takes x mdy values and an image, and 

produces an image moved horizontally by x and vertically by 
y. All values may be animated. In this example, the x value Ls 
given by wiggle, a predefined smoothly animated number. Wig¬ 
gle starts out at 0, increases to 1, decreases back past 0 to -1, 
and then increases to 0 again — all in the course of two sec¬ 
onds, and tlien it repeats, forever, The second line defines char¬ 
lotte by importing a bitmap file, making it available for use on 
the first line as the second argument to 
Although this example isn’t a masterpiece, it Ls nonetheless a 
complete animation program in just two short lines of code. 

Similarly, Figure 2 and Listing Tw^o define an animation of Patrick 
moving up and down. To get tlie vertical movement, IVe used a 
nonzero value for the second argun^t to Rather than 

LLsing niggle, you use ufoggle, which is defined to be just like mg- 
gle, but delayed by half a second. 

Figure 3 and Listing Three combine tire two previous exam¬ 
ples. The otJer opefiition glues two aniniadons together, yield¬ 
ing a single animation, wiiii ilie first one being over the second. 
Because I used waggle for upDownPal in iliis combined ani¬ 
mation, Pat is at the center when Charlotte is at her extremes 
(and vice versa). 


Composition 

Composition is tlie principle of putting together simple things 
to make complex ones, then putting these together to make 
even more complex things, and so on. This building-block 
principle is crucial for making even moderately complicated 
constructions; without it, the complexity^ quickly becomes un- 
numageable. 

Listings One through Three illustrate composition. I first built 
lefiRightCharfoite out of charlotte, unggle, and mor.!eAT; then up- 
DoumFat out of pal, mot^xy\ and waggle. Finally, I built char- 
lottePatDance out of leftRigbtCharhtte and lipDoimPat, A cru¬ 
cial point here is that when you make mmething out of building 
blocks, the result is a new" building block in itself, and you can 
forget about how^ it was constructed. 

Ttiere is a more powerRil version of composition, based on 
defining funaions. Listing Four, for instance, defines hvDance 
(for “horizontally and vertical dance""), which combines any two 
images, m tlie w^ay tiiat charlottePatDance conibines cbarlolte 
and pat. Now you can give a new definition for tlie dancing 
couple that gives exactly the same animation: cbarlotlePatDa^ice 
= hvDance charlotte pat. 

Having defined this generalized dance animation, you can 
go on to more exotic compositions. For example, you can 
take an animation produced by hvDance, shrink it, and put 
die result back into hvDance twice to make it dance w ith it¬ 
self. As Figure 4 and Listing Five show, the result is plea.s- 
antly surprising. This example gives you a hint of how pow¬ 
erful it is to be able to define new animation functions. For 
instance, you could try" charlotlePatDance, stretched by a 
Wiggly amount; see Listing Six(a). To prevent negative scal¬ 
ing, you take the absolute value of wiggle, Next, use hvDance 
again, hut give it wiggly sized charlotte and pat. For visual 
balance, use wiggle and waggle; see Listing Six(h). Next, put 
Pat in orbit around a growing and shrinking Charlotte. To get 
a circular motion, use moveXY, with wiggle for x and waggle 
for y; see Listing Six(c). 
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As you may have surmised, imggle and waggle are related to 
Sim and cosine and defined as: 

waggle = cos (pi * time) 
wiggle = sin (pi * time) 

The animated number time is a commonly used “seed"' for 
animations and has the value t at time t. Thus, for instance, the 
value of wiggle at time I is equal to sin(nt). 

Rate-Based Animation 

Up to now, tlie pasitions of animations have been specified di¬ 
rectly. For instance, the definition of lefiRightChaiioUe says that 
Charlotte's horizontal pasition is wiggle. 

In the physical universe, objects move as a conseqLienee of 
forces. As Newton explained, force leads to acceleration, ac¬ 
celeration to velocity, and velocity to po.sition. With computer 
animation, you have the freedom to ignore the laws of our 
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Figure I: leftRightCharbtte moim Cbarlottejwm side to side. 
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Figure 2: Patrick moving up and down. 


universe. However, since animations are usually intended to 
be viewed by and interacted with by inhabitants of our own 
universe, they are often made to look and feel real by emu¬ 
lating Nevs^onian laws or simplifications and variatloas on them. 

The key idea underlying Newton’s laws and their variations 
is the notion of an instantaneous rate of change. Fran makes 
this notion available in animation programs. To illustrate rate- 
based animation, you can make Becky move from the left edge 
of the viewing window, toward the right, at a rate of one dis¬ 
tance unit per second; see Figure 5 and Listing Seven. 

The local definition of jc here (introduced as a where clause), 
follows a style you'll see in the following definitions. To express 
an animated value that starts out with a value xO and grows at 


Listing One 

leftHifl'btCbRilfltte - tsweXY tifilagle 9 ctarlotte 
cSatlotta ■ laportBitnuip ./[fedWcharlotte.hop’' 


Listing Two 

upDovnFfit ^ movaXT 0 waggle pat 
pftt = iJiipcircMtBjap Wpat.bmp” 


Listing Three 

charlottePfttDanco » 

leftRightCharlorta 'ovai:* upDoimPat 


Listing Four 

hvD&nce iiiil ijii2 “ 

movaXY wl|ele 0 iipl ‘■oval’ 
fl' waggle iin2 

Listing Five 

-1 in T1 o 11 f: i'a ■: Dcui 1 aDanc fi = hvDatice sSmall iSroa 11 
vhare 

bSimII - stretch ebariottePatOsttee 

Listing Six 

U) 

dan^ai ^ attatch (ehs iiriggla) charlattcfatBanca 

Cb) 

dancflZ = hvDaiicfl (itretch viggla charlotte] 
{atteteb ^Bgle pat] 

te) 

patOtbitaCharlfltte « 

atretch wiggle chstJotte ‘aver* 
movaXY wlggla vaggla pat 


w 


© 




m 


1^ 
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Figure J: Combining Charlotte and Patrick. 
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(continued from page 20) 

a rate of r, you say A + at Rate r u. Here w is a “user'’, which is 
a Fran value that contains all user input and display update 
events. Rate-based animations require a user argument in order 
to give atRate a way of knowing when to start and how pre¬ 
cisely to calculate value from rate. Unlike previous examples, 
this one can be displayed v^th displayU. To see tliis example, 
enter dhplayU velBecl^. 

In Listing Seven, Becky has a constant velocity, but with a lit¬ 
tle more effort you can give Becky a constant acceleration by 
providing a constant value for the rate of change of the veloci¬ 
ty; see Listing Eiglit. In tlie definition of v, the “0 is unnec¬ 
essary, but emphasizes tliat the initial velocity is zero. 

The notion of “rate” is useful not just in one dimension, but 
in t^^o and three dimensions as well. In Listing Nine, 1 control 
Becky’s 2D velocity with tlie mouse. When you hold the mouse 
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Figure 4: Defining neu/ animation functions. 



Figure 5* Rate-hosed animation at a rate of one distance 
unit per second. 


cursor at the center of the view window^ Becky stays still. As 
you move away from the center, imagine an arrow from the 
window’s center to the mouse cursor. Becky moves in that di¬ 
rection and her speed will be equal to the arrow's length. This 
kind of imaginary arrow is referred to as a “vector” and is the 
same type of quantity as a two- or three-dijnensional offset, ve¬ 
locity, or acceleration. In 2D, a vector can be thought of as hav¬ 
ing horizontal and vertical (X and Y) components, or as having 
a magnitude (lengdi) and direction. This time, 1 use move, a vari¬ 
ant of mowXY that takes a 2D offset vector. (If a vector v \s x 
units horizontally and y units vertically, then “move v im” is 
equivalent to “moveXY x y im.”) The offset vector starts out as 
tlie zero veaor, and grows at a rate equal to momeM(yion, which 
is the offset of the mouse cursor relative to the origin of 2D 
space (wliich you see in die center of die view window). 

In the real woiid, tlie position of an object may affect its speed 
or acceleration. In Listing Ten, Becky is chasing the mouse cur¬ 
sor. The furlhtT away it is, the faster she moves. The only dif¬ 
ference from Listing Nine is that the velocity is determined by 
where the mouse cursor is relative to Becky’s own position, as 
indicated by the vector subtraaion. 

For fun, you can generalize die iTec^^^hmeMouse function in 
the same way diat hvDonce generalized cbariottePatDance ear¬ 
lier; see Listing Eleven. Then cbaseMouse beci^ is equivalent to 
beckyCbaseMome, as you can verify by typing display!] (cbase¬ 
Mouse becky) at the Hugs prompt. 

For more fun, try the .same, but replace becky with some of the 
animations diat appeared earlier {leftRightCharhUe, cbarlottePat" 
Dance, and patCnhiisChatiotle)] see Figure 6 and Listing Twelve. 

Next make a chasing animation that acts Hke it is attached to 
the mouse cursor by a spring. The definition is similar to beci^- 
CbaseMouse. In Listing Thirteen, however, the rate is itself chang¬ 
ing at rate accel (acceleration). Tills acceleration is defined like 
tlie velocity was in the previous example, but tliis time, some 


Listing Seven 

velBfiijky u - raqveinf it 0 beclty 
vhere 

at = -1 + atHste 1 u 

Listing Eight 

Bi^calSecky u - novdCT x f? becky 
vhere 

X = -1 + atRate v u 
V = + atRatEs t u 

Listing Nine 

raouseVelBecky u move offset t^ecky 

wher« 

offset atRate vel u 
vel i&DUfleHDtlEm u 

Listing Ten 

h'G'Cli^ChjtBaMouBe u '= sove offset becky 
where 

offset = atRate vel u 

vel = jnouaettotldio n - offset 

Listing Eleven 

chaseHoLise im U ■ move offset fo 
'^ere 

offset > atRate vel u 

vel = iMUBeHotion o - offset 

Listing Twelve 

denoeChase u ^ 

chaseKocse (stretch charlotteFatDanes) u 

Listing Thirteen 

SprijigDcag&Bcky u - mdVa offset befky 
where 

offflat =: atRata vel u 
vbI " atRate eccel u 

atceJ. - f&ooaeMDtlDTi u - offset) - vej. 
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(continued Jmm page 22) 

drag is also added, Tfiis tends to slow down Becky by adding 
some acceleration in die direction opposite to her movement. 
(Increasing or decreasing the ''drag factor” of 0.5 in Listing Thir¬ 
teen creates more or less drag.) The operator multiplies a 
number by a vector^ yielding a new vector that has the same di¬ 
rection as the given one but a scaled magnitude. 

As usual, these declarative animation programs are straighitfor- 
wiird because they say what the motion is, in high-level, contin¬ 
uous terms, without struggling to accommodate the discreteness 
of the computer used to present them. In contrast, imperative an¬ 
imation progmms must explicitly simulate rate-based animation 
by making lots of discrete steps — accumulating approximations 
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Figure 6: Rate-hosed onimation, but n^iladng Beci^ udtb 
animatkyns such as leflJ^ghtCharbtie, charlottePatD^ce, and 
patOrbitsCharbtte, 



Figure 7: Composition-indime. Dejtning an orbiting 
animation, and then combining it iiith a version of itself 
delayed one second. 
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to the cx)ntinuously varying forces, acceleratioas, and velocities— 
to approximate motion. Doing an accurate and efficient job of 
all this approximation work is a tricky task. With systems like 
Fran, you just describe the continuous motion in terms of con¬ 
tinuously varying rates, and trust Fran to do a good job with 
the approximation. (Not good enough to fly an airplane or 
control dangerous machinery, but good enough for an effec¬ 
tive illustration or game.) 

Composition-in-Time 

Operations such as over and move support the principle of 
composition-in-space. Composition-in-time is equally valuable. 
Figure 7 and Listing Fourteen, for instance, define an orbiting 
animation, and then combine it with a version of itself delayed 
by one second. Instead of delaying, you can speed it up; see 
Listing Fifteen. You can even delay or slow down animations in¬ 
volving user input. In Listing Sixteen, one Jake tracks the mouse 
cursor, while the other follows the same path, but delayed by 
one second. 

Next you can build an animated sentence, following the mouse’s 
motion path. As a preliminary step, use delayAnims dt anims = 
overs (zipWith later [0, dt .J anims) to define a delayAnims func¬ 
tion, which takes a time delay dt and a list anims of animatioas, 
and yields an animation. Eadi successive member of the given 
animation list is delayed by the given amount after the previous 
member. The definition of delayAnims introduces a few new Fran 
elements. The Fran overs function is like over, but applies to a list 
of animations rather than just two. Animations eariier in the list 
are placed over ones later in the list. The notation [0, dt ...I means 
the infinite list of numbers 0, dt, 2 dt, 3 dt, and so on. Finally, 
zipWith applies to a given two-argument function the successive 
viues from two given lists. You use it here to delay the first an¬ 
imation in anims by 0 seconds, the second by dt seconds, the 
third by 2dt seconds, and so on. Finally, overs combines them 
into a single animation. Figure 8 and Listing Seventeen present a 
simple use of delayAnims. Next, use delayAnims (Listing Eigh¬ 
teen) to define mouseTrailWords that makes animated sentences. 

The Haskell words function takes a string apart into a list of 
separate words. The Haskell map function takes a function (move- 
Word) and a list of values (the separated words) and makes a 

Models versus 
Presentations 

H ere is a rough sketch of the steps you usually go through 
to program an animation: 

Allocate and initialize window, various drawing surfaces and bitmaps 
repeat until quit: 
get time (t) 
clear back buffer 
for each sprite (back to front): 
compute position, scale, etc. at t 
draw to back buffer 
fast copy ("blit") back buffer to front 
Flip back buffer to the screen 
Deallocate bitmaps, drawing surfaces, window 

These steps are asually carried out with bts of tedious, low- 
level code you have to write yourself. Most of this work is not 
about what the animation is, but how to present it. In con¬ 
trast, Fran programs are only about what the animation is. 

— C.E. 


Listing Fourteen 

orbitAndLater = orbit ‘over* later 1 orbit 
vdiere 

orbit = noveXY vi^Ie vaggle jake 

Listing Fifteen 

orbitAndFarter = orbit 'over* faster 2 orbit 
vhere 

orbit 3 Bove viggle waggle jake 

Listing Sixteen 

followMouaeAndDelay u ■ 
follow 'over' later 1 follow 
\diere 

follow s Bove (mouaeMotion u) jake 

Listing Seventeen 

kids u - 

delayAniaa 0.5 

(map (move (mouaeMotion u)) 

[jake, becky, charlotte, pat)) 

Listing Eighteen 

trailVorda aotion atr » 

delayAnims 1 (map moveWord (words atr)) 
where 

moveWord word = move motion ( 
stretch 2 ( 

withColor blue (atringim word) }) 

Listing Nineteen 

flows u « trailVorda motion 

"Tima flowa like a river" 

where 

motion * 0.7 •* vector2XY (cos time) 

(sin (2 a time}) 

Listing Twenty 

flows2 u • trailVorda (mouaeMotion u) 

"Tima flows like a river" 


Listing Twenty-One 

redfilue u > buttcmMonitor u 'over' 
withColor c circle 

where 

c 3 red 'untilB* Ibp u -»> blue 

Listing Twenty-Two 

redBlueCycle u ■ butconMonitor a 'over* 

withColor (cycle red blue u) 
circle 

vdiere 

cycle cl c2 u • 

cl 'untilB* nextUaer. Ibp u *»> cycle c2 cl 


Listing Twenty-Three 

tricycle u = 

buttonMonitor u 'over' 
withColor (cycle3 green yellow red u) ( 
stretch (viggleRange 0.S 1) 
circle ) 

where 

cycle! cl c2 c3 u 
cl 'untilB' nextOaer. Ibp u «*> 
cycle! c2 c3 cl 

Listing Twenty-Four 

jua^Flower u • buttonMonitor u 'over* 

moveXY (bSlgn u) 0 flower 
flower * stretch 0.4 

(importBitmap "../Hedia/roaa medium.bmp”) 
bSign u « selectLeftRight 0 (-1) 1 u 


listing Twenty-Rve 

growFlover u ■ buttonMonitor u 'over' 

stretch (grow u) flower 

grow u ■ aiae 
where 

sixe ■ 1 t atRate rate u 
rate » bSign u 

Listing Twenty-Six 

growFlowerExp u ■ buttonMonitor u 'over* 

stretch (grow* u) flower 

grow' u ■ sixe 
where 

sixe ■ 1 atRate rate u 
rate « bSign o * sixe 
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new list by applying tlie function to each member of die list Tlie 
Fran stringlm function makes a picture of a string. 1 define die 
function mow Word locally to be the result of making a picture 
of the given word, using the Fran stringlm function, and moving 
it to follow the mouse. delayAnims then causes each of these 
mouse-Following word pictures to be delayed by diffti^eni anx>unts. 
Figure 9 and Listing Nineteen is a use of irmiWords following a 
specified patli, while Listing Twenty follows die mouse. 

Reactive AnimaHan 

The animations presented to this point c^in be called “nonreac- 
tive” since they always do die same diing. A ^'reactive'' anima¬ 
tion, on the other hand, involves discrete changes due to events. 
To illustiate, you can make a circle tliat starts off red and dianges 
to blue when die left mouse burton is pressed. 

An informal reading of the last line of Listing 'I'wenty-One (also 
see Figure 10) is that tlie cxjlor c is red until you press the left mouse 
button, then Ixjcomes blue. For a more literal reading, you must 
understand that there are really two new binary infix operators 
here— mUilB and -=>—which can lie used separately or togeth¬ 
er, Implied parentiieses are around u -=> hhie. Tlie -=> opera¬ 
tor, wliich can lie read as “handled by value/' Likes an event (ilp 
u) and a value (blueX and yields a ne%v event. In this case^ the new 
event happens when the left button is pressed, and has value btue. 
The uniilB openitor takes an animation of any type (the color¬ 
valued constant animation red), and an event (7^^ u --> blue), 
whose (xrunence provides a new animation of the same type. 

Cyclic fteacHvity 

To make Figure 10 more interesting, you can switch between 
red and blue every time the left button is pressed. As Listing 
Twenty-Two shows, you do this with the help of a cycle func¬ 
tion that takes two colors (cl and c2) and gives an animated 
color that starts oui as cL When the l:ninon is pressed, it swaps 
cl and c2 and repeats (using recursion). 

listing Twenty-Two uses the operator ==>, which Ls a vari¬ 
ant of -=>. This operator (which can be read as “handled widi 
function") takes an event and function / It wcjrks like but 
gets event values by applying / to event values from the event 
given to it. In tliis case,/is the cycle function applied to just two 
arguments, leaving the third (a user) to be filled in automatical¬ 
ly (using ==». The nexlUs^_ function turns Ihp Into an event 
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Figure 8: Composition-in-time using delayAnims. 
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(continued from page 26) 

whose occurrence [i^ormation is a new user, corresponding to 
the remainder of the user u. The color aiguments get swapped 
each time ‘^around the loop," 

For variety^ listing Twenty-Three uses three colors, and changes 
the circle's size smoothly. 


Selection 

Figure 11 and Listing Twenty-Four present a flower that starts 
out in the center and moves to the left or right when the left or 
right mouse button is pressed, returning to the center when the 
button is released. 

The function hSign is defined to be “1 when the left button 
is down, +1 when the right button is down, and 0 otherwise 
(thanks to selectLeftRight). You can use hSign to control the rate 
of growth of an image. In Figure 12 and Listing Twenty-Five, 
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Figure 9: Using trailWords follo wing a specified path. 
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Figure 10: The color c is red until you press the left mouse 
button, then it becomes blue. 


pressing the left (or right) button causes the image to shrink (or 
grow) until releaused. Put another way, the rate of growth is 0, 
-1, or according to hSign. A simple change to the grow func¬ 
tion (Listing Twenty-Six) causes the image to grow or shrink at 
a rate equal to its own size. selectLef Right, used to define bSign, 
is also the key ingredient in defming huttonMoniior (Listing 
Twenty-Seven)^ wliich gives button feedback. 

stringBIm turns an animated string into an image animation, 
which here gets enlarged, colored white, and moved down by 
a little less than half the window height, 
selectleftRight can itself be defined in terms of more basic 
functions, as in listing Twenty-Eight. You use the conditional 
function condB la say that if the left button is down, use the 
left value, or if the right button is down, use the none value- 
otherwise use the none (constantB, which turns constants— 
nonanimations^—^into animations that never change). 


Listing Twenty-Seven 

battwiJtoiiitor u “ 

■oveXr B I- height / Z + ( 

WltbCplCT twtCiuldr ( 

Stretch 2 C 

atfinsBIm EselectLaftFlshT a buftonj” "left*! "tighV u)})) 

where 

“ vectqrzyycaarda (viewSlie uJ 


listing Twenty-Eight 

selentLeftRight none left right u “ 

CDtida (leftBatton tij (cEsnataotl leftJ f 
condB Crl^tButton u) CconatantB right) t 
conatentB none )J 


Listing Twenty-Nine 

teapot = 

itmteha 2 {ixpoetK “. ./MadiaytpoU.x'') 


Listing Thirty 

eedSpiimlttgfiit - 

turnJ iVectorl tijna ( 
TirlthColDtCl red teapot) 


listing Thirty-One 

BousaTurn g u = 

tum2 aVector^ y f 
tuti)3 tVactot3 [-x) g) 
whare, 

(x.y) == vactariJtYCoorda fpi jDouaeiiotion tt) 

mauaeSpirmingFot u ■ 

BOUseTurn (wlthColorG green teapot} o 


Listing Thirty-Two 

apinPot potCalor potAngle ■ 
turn3 c¥ectsr3 potAngle t 
withColart} potColor teapat] 


Listing Thirty-Three 

apinl u ■ buttonJlaiiitor U 'over' 

tenderGeometry (epinPot ted u)) 

dafaultCaBBEa 


Listing ThirtyFour 

witHEpinnar f U = 

huttcinldDBitot u “over’ 
recidecGeomatry Ef {grow u) u) 
defaLLltCttmara 


Listing Thirty-Five 

apinl = wlthSplnnBr Bplnnccl 
where 

eplimerl angle u = apinFat red angle 
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(continued from page 28) 

3D Animation 

Declarative animation applies to 3D as well, and the 2D opera¬ 
tions IVe used to this point— importBMP, moveXY, and stretch — 
have 3D coimterpaits. As a first 3D example^ sphere = importX 
*\yMedi(^^bere2jx:^ de£mss a sphere in which the function im¬ 
portX brings in a 3D model in '"X-file” format, as used by Mi- 
cTOSoft’s DirectX. It is just as easy to import a teapot; see Figure 
13 and Listing Twenty-Nine. I used stretcbS (a 3D counterpart to 
stretch) because the ltnpc:>ited model was too small listing Thir¬ 
ty colors tlie teapot and makes it spin around the z- (vertical) axis. 

Next, you can use tlie mouse to control the teapot's orienta¬ 
tion. To do this, defme nnntseTum to turn a given geometry g 
around the x-axis according tlie mouse's vertical mcjvement, and 
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figure 11: Fiou)er staHs in the center and moms to the left 
or right when the left or right mouse button is pressed, 
returning to the centei^ whcm the hution is released. 
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Figure 12: Pressing the left (or right) button cmis^ the 
image to shrink (or grow) untii released. 


around the 2 -axis according the mouse's horizontal movement, 
scaled by Finally, as Figure 14 and Listing Thirty-One show, 
you apply mouseTum to a green teapot, 

You can also make teapots spin by controlling the rotation 
angle with the grow function, as in the growing flower exam- 
pies. First, defme spinPot, see Listing Thirty-Two, that takes 
(animated) color and angle and yields a colored, turning teapot. 
Then make a pot that spins one way when the left burton is 
pressed, and the otlier way when die right button is pres.sed, 
using die grow function, and giving feedback with button- 
Monitor, see Figure 15 and Listing Thirty-Three. renderGeom- 
eby^ used here widi a convenient default camera, turns a 3D 
animation into a 2D animatkm. 

Additional spinning teapots will all have the general form of 
using the liurton monitor and rendering witli the default cam¬ 
era. Father than having to write several definitions, give the paf 
tern a name. In Listing Thirty-Four, mitbSpinner t^es a func¬ 
tion as iLs first argument, and applies that function to the result 


Listing Thirty-Six 

(Bpiul = withSpimnix splimeri 
where 

epijmA£2 potAni^leSpead ° 
spinPot (colorBSi. tin* 

UtftaTe ptttMal&Spfeed ft) 


listing Thirty-Seven 

fiphereLowRoB ■= importX ,/He.difl/aphere0.x^^ 
tnoviagLlght = 
novtti motion t 
sttetcW 0.1 t 
■withColorG ivhita ( 

'uiiionG' polnttashtQ'n) 

where 

rnatioa = vettorllSphefictl 1,5 

tpi*timB)' (2*pi'ttiMl 

potAttdLight = 

vithColorC grncn teapot 'imionG' novingLight 


Listing Thirty-Eight 

deittyAniasS dt - 

unionGfi (ilpVith later [0. dt anise] 


listing Thirty-Nine 

potAndLlghts = 
filoyer 5 ( 

withGolorG £reen teepot 'unlonG' 
dfilayAnintflB Uj'S) (replicate 5 movlujU-ibt] ] 



Figure 13-' Importing a teapot. 
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(continued from page 30) 

of the grow function applied to the user ailment. With this def- 
inition, you can write spin! more simply; see Listing Tliirty-Five, 
Another use of witbSpmner is to make the color vary in hue 
and use the value finom grow to determine the time-varying ^speed 
of rotation^ so that the mouse lauttons cause the turning to ac¬ 
celerate and decelerate (see Listing Thirty-Six). 

In addition to visible geometry, you can add lights to a 3D 
model. In Listing Tliirty-Seven, you combine a white sphere, 
which is visible but does not emit light, and a point light 
source, which is invisible but emits light. You color the 
sphere/liglit pair white, shrink it, and give it motion. For con¬ 
venience, you express the motion path in terms of spherical 
coordinates, saying that the distance from the origin of space 
(which is also die center of the teapot) is always 1.5 units, the 
longitude is K times the elapsed time, and the latitude is twice 
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Figure 14: Applying mouseTum to a gremi teapjot. 
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Figure 15: Making teapots spin by controlling the rotation 
angle mtb the function. 


TT times the elapsed lime. Consequently, you get a motion that 
meanders about, but maintains a fixed distance from the cen¬ 
ter of the teapot. 

Just for Rin, replace the single moving light with five. A sim¬ 
ple change suffices, if you add delayAnimsS —a 3D variant of 
the 2D delayAnims. As Listing Thirty-Eight shows, the difference 
is that in the 3D version, you use unionGs instead of overs. With 
tliis funaion, you make a list of five copies of the moving light 
(see Listing Thirty-Nine), using the predefined Haskell funaion 
replicate, stagger them in time wltli deluyAnims3, and combine 
them with a green teapot. Tlien slow down tlie animation to .see 
it more clearly. 

In Listing Forty and Figure 16 (a moving trail of colored balls), 
you define a single ball having a spiral motion, which traces the 
surface of an unseen sphere of radius 1.5 with a longitude an¬ 
gle changing ten times as fast as the latitude angle (five versus 
one-half radians per .second). From this one moving ball, you 
make ten l^ialis, each a differently colored version, and then stag¬ 
ger them in time witli delayAnitns3^ The coloring function hCof 
or produces evenly spaced hues. 

As a final 3D example, Listing Forty-One presents anotlier spi¬ 
ral. Tliis time you form a static spijTil, then turn it about the z-axis. 


Lisring Forty 

fiplral3D a dfilsyAninsl balls 

where 

ball a inoviaB potion CBtretchS 0.1 spb.€reLovReisl 
balls - I withColbrG {’bCol&r i) ball 
! i <- El ./ n] ] 

Tuotion ^ yettorlSpberlial 1.5 tinia 

El y SB 

bGoloir 1 = 

coldtHSL { 2 *|si * fEEialnt i / fEOinlnt n) €.5 0,3 


Listing Forty-One 

tiplrtlTurn ^ tuEii3 zVectbcl tpulonGR (nap tmll [l . + nl]) 

where 
TI = 40 

hall 1 - wlthColofC COltir ( 

[IlClVB^ voti^ ( 

rttetcW 0.1 gphereLiSWEea )■) 

vber« 

motion = irectorSSplierlofll 1,5 ti0*phi) phi 
phi * pi t fromlnt i / fEiMnlnt n 
color ^ cpIocHSI 0.5 0.5 
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Figure 16: A moving trail of colored spheres. 
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Related Work 

My intere^J: in functional animation originaily started with Kavi 
Arya’s “A Functional Approach to Animation," Compuier Gmpb- 
ics Fomm, 5(4):297-311 (December, 1986). Although elegant, 
Arya used a discrete model of time. Tlie TBAG system, on the 
other hand, used a continuous tiiT^ model, and had a syntactic 
flavor similar to Fran's^ see “TBAG: A High Level Framework for 
Interactive, Animated 3D Graphics Applications," by Conal El¬ 
liott, Greg Schechter, Eicky Yeung, and Salim Abi-Ezzi (Pro¬ 
ceedings of SIGGRAPH ’94 July, 1^4). Urdike Fran, reactivity 
was handled imperatively. Behaviors were created by means of 
constraint solving, and updated through constraint assertion and 
retraction. Concurrent ML introduced a first-class notion of events 
that can be constructed compositional iy; see “CML: A Higher- 
order Concurrent Language," by John H. Reppy iPjx)ceedings of 
the zlCM SIGPLAN ’91 Conference on Programming Language 
Design and Implementation, 1991). However, those events per¬ 
form side-effects such as writing to buffers or removing data 
from buffers. In contrast, Fran event occurrences have associat¬ 
ed values ^—they help define what an animation Is, but do not 
cause any side effects. 

For examples of DirectAnimadon, see http://www.mi- 
crosoft.com/ie/ie40/demos and "^Adding Theatrical Effects to Ev- 
eryday Web Pages with DirectAnimation," by Salim AbiEzzi and 
Pabb Femicoia (Microsoft Intemctive October 1997). 

For background on Haskell, see Introduction to Functional 
Programming, by Richard Bird and Philip Wadler, CPrentice-Half 
19B7), “A Gentle introduction to Haskell," by Paul Hudak and 
Joseph H. Fasel, SIGPLAN Notices, 27(5), May, 1992, and 
http://haske ll. org/ tutoria 1/index, html. 

For information on Fran, refer to ""Functional Reactive Anima¬ 
tion," by Conal Elliott and Paul Hudak, Prx:K:eedings of the 1997 


ACM SICPIANInternationcd Conf^vnce on Fuftctional 
ming 0une, 1997), or die Fran web page at http://www.reseaidi 
. inicrosoft.com/mcxinal/Fran. 

Conclusion 

For interactive animation to expand into its potential as a medi¬ 
um of communication, it must liecome much easier to program. 
As this article illustrates, one step towrard this goal Is the re¬ 
placement of imperative techniques (""how to do") with declar¬ 
ative ones (“what to be"). 

Tliere are several features I haven’t explored here, including 
sound, smooth flip-book animation, and cropping. There are 
also many opportunities for improvement: more features for 2D, 
sound, and 3D; improved efficiency; generation of animation 
“software components" to integrate with components w dtten in 
more mainstream programming languages; and support for dis¬ 
tributed, multiuser scenarios. 
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A Conversation with 

John Knoll 


L/fe on the bleeding edge 
of computer graphics 


Thomas "Rick" Tewell 

A s a visual effects ^supervisor for 
George Lucas^ Industria! Light Si 
Magic, Jt3hn Knoll has lived on the 
bleeding-edge of computer graph¬ 
ics for over a decade. As such, he has 
wcjrked on ground-breaking feature lllins 
such as The Abyss (which earned an 
Academy Award for Best Visual Effects), 
Mission Impossible, and Star Trek V7//; 
first Contact, among many others. He is 
currently working on the next Star 
film, currently codenamed Episode L In 
addition, John and his brother Tom are 
tlie creators of Adobe^s Photoshop image- 
processing software* John recently look 
lime from his duties at Industrial Light ik 
Magic in Marin County, California, to chat 
with Rick TewelL 

DDJi John, from what 1 understand, you 
transitioned from mrxiel-making into com¬ 
puter graphics. Can you tell us about LhaL^ 
JK: Sure. When I was a kid, model¬ 
making was a hobby of mine, I got to be 
reasonably good at it and decided to go 
into visual effects as a career* I moved to 
Los Angeles to attend die University of 
Southern California film program. At USC, 
I tried to make contacts so diat when I 
graduated, I wouldn't be going into an 
entry-level position. I was trying to get 
some of those entry-level-position years 


Rick works for Sequoia Advanced Tech¬ 
nologies^ He can he contacted at thomas 
. teu^ll@seqadz/tech . com . 


l>ehind me while in .school, So 1 staned 
doing freelance mcxlel work. 


DDJ: Creatures or vehicles? 

JK: Mostly the hard surface kinds of 
tilings. Ttie first guy 1 worked for was Gneg 
Jean who lias a mcxlel siiop. Since lie runs 
a low-budget openition, he was happy to 
liire newbies and train us. 



When the model was done, Ed take it 
out to the stage and fix things—during 
rigging, tliey’d need a hole here or some¬ 
thing lias got to move or I had to paint 
something to fix it because it didn’t look 
good enough for camera, Somelxidy has 
to be around to do those sorts of tilings. 
So T would be on the stage a lot of the 
time when my models would lie shot, 
which meant I got familiar witli motion- 
control cameras, Tliat was sometliing tjiat 
interested ine. How do you get started do¬ 
ing tliat sort of thing? They didn't teach 
that at USC, which was mostly a live-ac¬ 
tion schooL My Iasi year at USC, 1 took 
an advanced animation class and we had 
a couple of manual hand-cranked anh 
mation stands. For my final project, 1 de¬ 


cided to build a simple fi>ur-channel mo¬ 
tion-control system, Tliis was in 19B4. I 
bought a used Apple 11 and a four-chan¬ 
nel serial-controlled CNC milling machine, 
which ran four stepper motors. And 1 
IxjLight a bunch of surplus stepper mo¬ 
tors from C&H Sales and various bits and 
pieces. Although tlie camera got Ixxiked 
in two-hour blocks during the week, it 
was free during the weekend. Conse¬ 
quently, after the last .session on Friday 
night, 1 could go in there, take the hand- 
cranks t}ff, lx)k my motors on, .set up the 
computer, and shoot as long as I had it 
all cleared off by the First scheduled bkxk 
on Monday. It was a k>i of fun. 

DDJt This w'as an Apple II? 

JK: An Apple II Plus with a whopping 
64K of 1 had a digital t/O board so 

I could conmil various relays. 

DDJ: So primarily, you were using the 
Apple II to do tlie motion cxintrol, and the 
canx^ra was just a regular film camera? 
JK: Yeah. What 1 was shooting was slit 
scan. It was a prex’ess I read about and 
was fascinated with and I wanted to try 
it. You really need a computer to conm>l 
that stuff. 

DDJ: Did you write the software for the 
Apple II? 

JK: Yes. 

DDJz So you were familiar with pro¬ 
gramming at that time? 

JK: A little. Actually, before 1 staned at 
USC (in 1980), my dad got an Apple 11 as 
part of his university research work. After 
dinner, he'd go work on his research but 
he encouraged my brother Tom and I to 
play with it. This was in 1978. 
file wonderful thing about the Apple 

II was it had iliis Basic interpreter built 
into ROM, so all you had to do was turn 
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(continiied from page 3^) 
the compLiter on and .start typing in lines. 
Tliat was a lot of fun. I leel privileged that 
one of my first exposures to computers 
was when they were so simple. There w'as 
only so much that these really primitive 
computers could do, so il didn't take a lot 
to kind of learn everything there was to 
kncAv about them. As the computer.s be¬ 
came more complicated, you could learn 
gradually. I can only imagine what it^s like 
to dive into what programming is like 
now, I Ve had 20 years of exposure to it. 
Todayj it’s incredibly complicated for 
somebody just coming out of school. 

DDJi At what point did it occur to you 
that the computer c^>ukl actually lx? a tool 
for more than motion control or camera 
control—that the computer could actu¬ 
ally he used to generate computer images 
suitable for film? 

JfcA lot of people saw^ it coming. I read 
about computer graphics ajid had friends 
who were members of NIGGRAPH so 1 
saw the tapes, and was fascinated by it. 
It wa.sn’t really interesting enough to me 
at that point in the early ’8Ds. I thought it 
was neat but not ready for feature films. 
But then as it stalled getting dose to lx:- 
ing ready, I became one of die hrsl peo¬ 
ple pushing for it. I was computer graph¬ 
ics designer on The Abyss kirca 19891, 
which was one of the lirsi realistic pieces 
of computer grapHcs in a feature Him. At 
least that was our intent. 

DDJi When did PhottxShop come into play? 
JK; Actually, it was somewhat accidental. 
As 1 said, when I was a kid, one of my 
hobbies was model making. I got to be 
hiirly good at that and it got me into the 
industry. But when mcxlel making turned 
into a profession, it sort of killed it as a 
hobby. It's not much fun to build models 
all day, then go home and build more 
models. 

Since I was interested in motion con¬ 
trol, I got a computer and started build- 
ing motion-control systems for it. That Ix:- 
came my new hobby. Because 1 knew 
people who were shoaing motion-control 
elements with the models 1 was building, 
I ix?gan getting work as a camera assis¬ 
tant on motion-control stages, 'fhen I got 
hired as a motion-control camera assistant 
at Industrial Light & Magic (ILM). Pretty 
soon 1 was doing motion control full time 
and its appeal as a hobby was greatly di- 
minislied. 

r started at TLM in 1986 and had just 
gotten a Macintosh, my first sophisticated 
computer, and started w riting little graph¬ 
ics programs as my new hobby. ILM was 
the first place T ever w^orked that had a 
computer-graphics departmenl and, when 
I wasn't working in motion control, Vd go 


there to see wbat they were up to. They 
had this laser film scanner, where you 
could scan in a piece of negative and gen¬ 
erate a digital image. They Itad the Pixar 
Image Computer, a nice high-quality frame 
buffer where you could do manipulations 
to a picture and film it back out, I had a 
demo of something so trivial now, you 
hardly even think of it. This guy brought 
up an image on tlie screen and simply 
sharpened it. Thai actually seemed mirac¬ 
ulous at the time and made a huge im¬ 
pression on me. 



Visual Effecfs SupcwLsor John KnoU 
(lefl) imrking with Senior Model 
jMaker Johti Gomison f right) on a 
helicopter from Mission Impc^ssilde. 

AboLii that Lime, my i>rotlier Tom was 
at the University of Michigan wcjrking on 
his dcKioral thesis. He had pursued com¬ 
puter programming much more seric^us- 
ly; that's what he had wanted to do for 
his career. 

He was Uying to get his doctorate in 
computer vision and the first part of any 
computer vision stuff is image prcx:essing. 
He was doing his tliesis work on a Mac 
Plus and writing these image-processing 
algorithms as MPW shell tods. That was 
much like how Pbcar Image Computers 
worked. You typed in command-line ar¬ 
guments from a UNIX command line to 
run C-shell scripts from die Sun to con¬ 
trol the frame buffer on die Pixar. Tliat 
was sort of die same thing Tom was do¬ 
ing on Ills Mac. 

1 saw a lot of the similarities. Tlien the 
Mac n came out. It had a math coprcjces- 
sor. It had color. It was faster, ft had more 
memory, I had to have it tiecause 1 thought 
it was so neat. When that machine first 
came out, displaying a color image on it 
from a progiamming standpoint was a big 
deal. I wasn't terribly interested in die me¬ 
chanics of the palette manager, window 
manager, and all the things that were re¬ 
quired to dj.splay a color picaia". What I 


was interested in was the code that fig¬ 
ured out how bright a pixel should be. 
One of the hobby things 1 was doing was 
w riting a little ray tracer. Tom told me to 
do the math, figure out how‘ bright die pix¬ 
el ought to i:>e, and ju.st write it to disk as 
a raw image. He said 1 could use his tcxils, 
w hich could read a raw^ bkxrk of bytes on 
the disk and display it as a picture and do 
various transforms to it. 

1 did this for a while, but it was cum¬ 
bersome and I th<3Ught what w'ould be 
neat was if we just built the display por¬ 
tion of this \nto an application so tliat I 
wrsuldn't have to fire up the whole MPW 
thing and run tlie shell tools to do this. 
One weekend, Tom spent a few hours 
bundling some of those functions in to 
this program called "'Display.'' Once he 
had that working, T siarted btigging him 
for more stuff. It was like nothing was 
ever gtK>d enough. So we siarted adding 
more features until it struck me that we 
should sell tills. We could get an ad in the 
back ofMacWorU and sell it for 50 bucks. 
Tom was really skeptical. 

DDJ: Did you ever sell the produci? 

JK: No. Mf>stly what Display did wats con¬ 
versions. We had gotten it so tliat it could 
read several different image file Ibrmats, 
You could write several different image 
file formats and there were a couple of 
tilings yc3u cottld do to them in the mean¬ 
time. You could convert a color image to 
black and white, 

I was completely full of naive optimism, 
r showed it to a Iriend of mine at Super- 
Mac, which was in alpha with a program 
calied Pixel Paint." SuperMac was seri¬ 
ously considering making us an offer to 
bundle Display with Pixel Paint as a file- 
format conversion utility, 'fliey had already 
run all tlieir spreadsheeLs alxiut how many 
units they tliought they were going to sell 
of PixelPaint and what kind of deal would 
they w^ant to make with us on bundling 
this. That added up to a number that 
seemed like tills was worth doing. 

1 called Tom and .said SuperMac was 
interested, so he scheduled two days a 
week to work on it full time. After two or 
three months, it really did a lot of things. 
It didn't really fit in my mind as utility any 
more. It was a program in its own riglit 
that wanted to be sold as iLs own prod¬ 
uct One day I called Tom up and told 
him that I didn't think there would ever 
lie an oppominity like tliis like thmwTi at 
our feet again. We just had to drop ev- 
erytliing to make tliis Ixippen. 

Tom estimated lie was six months from 
finishing his doctoral thesis. In a supreme 
act of faith, he stopped working on his 
thesis and started programming full time. 
We greatly underestimated how much 
work tiiis was going to be. When 'fom 
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(contmued from page 36) 
stopped school, he figured he had about 
six months of programming and we'd 
wrap up Version LO c^f this program, and 
he could start next semester and finish ills 
thesis. Meanwhile, we'd be making some 
money. 

From tlie time he decided to stop scliool 
until Version 1.0 sltippecl was almost two 
years. It became much bigger titan we 
fit ought it would, hut it kept getting better 
and Itetter, Tom is really a superil pro¬ 
grammer. He’s one of the best engineers I 
know. He just wrote this terrific, great axle. 

At the time, I moved from motion con^ 
trol over to computer grapiiics, .so I was 
doing a lot of work on the Pixar Image 
Computers— nmning composites and dct- 
ing image-processing scrj[its. That dnive 
a lot of my input as to what kind of fea¬ 
tures ought to lie in l^hotoShop. 1 w^oLild 
try to do more and more of my work in 
Photoshop and try^ stuff Tliat’s sort of haw 
'Tealhering” got born. It was actually me 
using it for little projects iliat helped de¬ 
fine the feature set. 

Version 1.0 was a usable too) largely 
liecause I was trying to use it to solve real- 
world problems. 1 w^ould mn into some¬ 
thing that wDLiki just stymie me. There’s 
got to be a way of doing tliis, and tlten 
Tom would scratcli his head and go, ''Tliai 
would lie hard." He wouki think aliout ii 
for a while. 1 would talk to him a few days 
later and he w'<>iild say, ""1 was thinking 
about that and 1 had this great idea.” 

1 was goading him a litde hit, too. 1 
would say, ''You know w hat I really want 
to do? 1 want to make one of these se¬ 
lections so that I can like select some area 
and then the paint only affects just the 
area selected,” Torn would ,say, ''Oh. that's 
going to lie impossible to make that go 
real time. It's going to be really slow,” I’d 
say "Oh, come on, Tom. I'll bet you can 
do that.” About a week later he w^ould 
say, “I was thinking about it, and I think 
IVe got a way.” It was often a w'hole lot 
of exchanges like that where at first Tom 
tltought it wmild be really hard, but lie 
would keep thinking about it. He’s liril- 
liant that way, and he would come up 
with a clever solution to tlie problem. 

DDJt When Photoshop was born, the in- 
dustry^ was in some interesting transitions 
in computer graphics. 

Yes. We started on Photoshop in 
September of 1987.1 tliink 1.0 ship|ied in 
January of 1990. 'fhere was some time be¬ 
tween when we started and wlien it 
shipped. A lot of things happened in tliat 
time. I sL^irted working in computer graph¬ 
ics...it wasn't until late 1988,1 think. Tlie 
first thing I did in computer graphics wa.s 
a Pacific Bell Smart Yellow Pages com¬ 
mercial. 


DDJi With a Pixar? 

JK; Yeah. A Pixar image Computer is ba¬ 
sically a frame buffer, Lucas Film Com¬ 
puter Division was working on what be¬ 
came die Pixar compLiter. “Pixar” adopted 
that name as the name of tlie company 
after George [Lucas] sold it Steve Jobs. 

DDJi So that Wits something that was in¬ 
vented and noi available anywhere else 
except for here? 

JKi Right. We had two of them here that 
we used for composite w'ork and vaiious 

We try to use 
off-the-shelf 
software wherever 
we can 


image-processing things. On all the old 
Pixar films like Amire cmd Wa/fy B [circa 
19841, they would render differem parts 
of the sliot as separate passes so the char- 
aaer in die fon^round would lie rendered 
separate from die background. I’hen they 
would composite them together, and the 
tool they used to do it would lie tlie Pixar 
Image CompLiter. 

DDJi Wlien Aty^’ss was created, what 
was the state of computer graphics? 

JK: In general, no one thought of com¬ 
puter graphics as .something you could 
use for real on a feature film to do some¬ 
thing that looked realistic. The one ex¬ 
ception was the stained-glass miin [from 
Yotmg Sherlock Holmes, circa 1985], w liidi 
was a pretty remarkable achievement, and 
it's the only llung tliat had ever been quite 
like that to that point. Stuff like to/ Star 
fighter [circa 1984]^ nobody really con¬ 
sidered realistic. But I was impres.sed w\xh 
stained-glass man because it had tilings 
like depth of field. 

Right after I started, our computer- 
graphics department had done this Star 
Trek IV [circa 1986] dream sequence with 
the fioaUng heads. It didn't k)ok very re¬ 
alistic. It was intended to he a stylized 
tiling. 1 don't know if anybody diought 
dial our tools in house were ready to do 
somediing super realistic. 

I rememlier we got the storyboards on 
71k^ Abyss, they were these lieautiful shad¬ 
ed drawings. They are really fa,scinating. 


The imagery was really neat. "Wow, these 
are going to l>e really cool shots—who¬ 
ever does this and however it gets done.” 
A lot of different approaches were tieing 
bandied alx^ut widi diings even as weird 
as stop-motion animation wkh clay with 
images of water projected onto it. Things 
tliat almost certainly never wrould have 
worked. 

We had just gotten an SGI with Alias, 
and Jay Riddle in rlie computer-graphics 
department did a little te.st making some 
sort of a water tenLicle diing. It was not 
a sophisticated test, but he did it really 
quick. He did it, I think, overnight and 
shewed it to Jim Cameron {Titanic writ¬ 
er/director) the next day. Jim was really 
.surprised htjw quickly I hat tiad l:)een done 
liecause the reputation was that comput¬ 
er graphics was really, really skm and very 
expensive and the comjilete antitliesis of 
interactivity, You’d talk to these guys and 
tiiey’d dLsafipeaj' for month.s, and tlien they 
w^ould come back with something you 
didn't want. "1 want it to Ix^ more like...” 
"Well that will be another six months.” 

DDJ: But they felt this was an intricate 
pan of the film? 

JK: Jim's position was that if the water 
tentacle .sequence—wJiile it was a bold 
thing lo attempt— didn't work or ended 
up looking terrible, he could cut it out of 
the movie and he roiild .still in^ike the 
movie. He wasn't liinging the succes.s of 
this picuire on thLs effect working. It was 
only like 25 shots, lliis seemed like a huge 
number to us at the time, bia it is hardly 
anything newe So w^e started this RiiM) pro¬ 
ject to do diis tiling, and w^e WKte a bunch 
of new .software to do it. We switched 
over from Rays lo RenderMan, w hich Pbear 
had just gotten going, 

Dfffz Tiiere was nothing on tlie street that 
could do tliis at tJie time? 

JK: No. We used the RenderMan Tender¬ 
er but we wrote custom shaders to do tlie 
fake refraction and gel tlie right amount 
of reflection for fog and that sort of tiling. 
We had lo write tlie software for it to do 
the rippling of the surface and to "skin” 
it, Tlie way it was actually done was, we 
animated a spline in space— a 3D i>ath— 
and we had a bunch of croSsS sections, 
Tliey were animated separately, so it w^as 
just a bunch of circles, and we scaled 
diem. And them, diere was a piece of soft¬ 
ware called "Skin” that would take all of 
the circular cross sections and place them 
perpendicular to the spine at particular 
points and .skin the surface. 

Then diere was another program diat 
would let ycju place a bunch of 3D noise 
generators in the world, and it would take 
tlie patches and subdivide them into 
smaller patches and perturb all the control 
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(continued from page 38} 
vertices according to the sums of all the 
sine waves from 3D noise generators. So 
the model was created new per frame 
based on this program, so some work 
was Involved. How do you do motion 
blurs when you Ye actually just changing 
the model from frame to frame without 
taking one model and moving it? Some 
hacks were made. Actually it's the same 
model, but what we Ye doing is we re 
moving these vertices from here to here. 
You would write two- nx>t They con¬ 
tain all the same CVs Icxmirol vertices] and 
then there was a script called JR2R that 
would take the two-rcxa hies and make 
them look like it was one model just mov¬ 
ing from tills frame to that frame. 

DDJ: Then conics Terminator 2 [circa 
19911 , which has sometliing (not quite like 
the water tentacle) but it has tlie iMercuiy' 
guy and ihiit was from James Cameron. 
JK: Yeah. Jim said it was a big gamble, U 
it didn't work, he could alw^ays cut it out 
of the picture, liui based on liis experience 
on The Abyss, he went much Ixidei' on Ter- 
mitudorJwih making a character llial had 
to be done with computer graphic’s. Anti 
it had to work l^ecau.se if yt>u t:ut that out 
of the movie, you've got nothing left. All 


the things of lx;ing able to change shap>e 
from tliis to tJiat and to melt and tlien re- 
fomi itself. Well, the effea hits to work or 
you don't have a movie. Yeali, it was a sign 
of Ills faitli in the teclinology. 

DDJi In Jumanji [circa 199^1 we have die 
first computer graphicxj hair dial actually 
flows and moves, and the depth is there, 
and it is so stunningly realistic that it was 
actually an amazing achievement tor com¬ 
puter graphics. Did that require custom 
tools or was there a point w^here you 
could acluaUy u.se off-the-shelf compo¬ 
nents to actuallv do this? 

JK: We try to use tjffr the-shelf software 
wJierever we can, but a kit of things we'rc 
called upon to do just can't lie done with 
off-the-shelf software. So we have a pret¬ 
ty good size software-develop mem staff 
just to develop these tools; otherwi.se, 
we would just have to say, “No, we can't 
do that.'’ 

DDJ: Do you still do tliat today? 

JK: Yeah. 

DDfz Do producel's come in and say, “We 
want to produce a film and here are the 
special effects diat we want" and you [ust 
go, '1 don't rliink so." 


JK: Well, no. We gulp and say, "Okay, 
we can do that. Here's die budget." Then 
they gulp. 

You can usually spend your way out of 
just about any hole there is. If you put 
enough time and man hours into some¬ 
thing, there’s usually a way to do it and I 
can think of veiy^ few' exceptions w’here 
we just have to give up and say, "No, that 
just can't be done.” There are some things 
that would lie extremely difficult and w^e 
could never do realisiically, at least not 
yet. But most of die things we Ye asked to 
do are at least within some amount of 
R&D of w^hat we re capable of. George 
I Lucas], on diis new Star Wars picture, 
wrote a lot of things into the script with¬ 
out worrying about how^ the hell are we 
going to do tills. He just writes things he 
thinks are neat. 

DDJ: Manin Hash has created a product 
called Animation Master and is trying to 
make a film, Te!eprese?jce, for $2 million 
wludi positively could not be made for 
$2 million if a studio did it based on the 
effects he wants to put in there. 

Do you see a trend coming wjiere in¬ 
dependent filmmakers can use off-the- 
shelf components to actually have "big 
budget" spediil effecls in films? Up to now, 
independent films liiive been pretty much 
lacking special effects that are just sort of 
character driven. 

JK: ItY already happening, A bunch of 
friends of mine are starting up these 
garage ojierations—little one-man digi¬ 
tal facilities—and they do things for 'fV 
shawls oj' kjw-budget features, 'flieyre able 
to do the kind of work now just at home 
with PCs. li used to be that you had to 
have ilie wliole full-blown production 
mechanisnt here for it, and now yc>u can 
do some pretty good looking stuff. 

DDJ: like Electric Image? 

JK: Yeah. With Electric Image, After Ef¬ 
fects, and Photoshop, you’ve got a little 
production faciUly Ur ere. 

DDJt Speaking to a peer programming 
audience, what do you see as the next 
generation of products for computer 
graphics? 

JK: Well, I don’t think there are any real 
specifics that are easy to predict. But 1 
think the general trend is to try and elim¬ 
inate as much machinery between the 
artist and tire art as possible. 

One of the firings that has been real¬ 
ly liberating about moving to digital- 
production techniques is that it used to Ire 
tliat huge amounts of effort went into just 
the mechanics of not getting the matte line 
or not getting the wrong cofor in a shot, for 
instance. Tlrat's where a lot of your eneigy 
went—just trying to get rid of the really 
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(continued frQn7 page 40) 
olwiDiks tilings. Now, you can take that stuff 
more for granted. Today, an artist spends 
more time working on the asj^eas of tlie 
work tliat make die sliot look good or not 
look good, and not so much on the me- 
chanicaL 1 see that trend continuing. 

Right now, my biggest complaint aliout 
the way that a lot of these digital tools 
work Ls that they Ye still kind of awkw ard, 
and the artist spends loo much time work¬ 
ing on things that have nothing to do with 
the shot looking good or not. ItY editing 
exclusion lists and making sure your alias¬ 
es are pointing to the right directories. 
There’s a lot of machinery that tlie artist 
still has to deal witli than as software gets 
lietter, tbeyYe going to spend less of their 
time of doing and more of their tiiiie fo¬ 
cused on tlie real art of it. 

DDJi What about tliese new digital inter¬ 
faces like FireWire? Do you see that again 
liberating artists so that digital images can 
go straight into tlie macliine? 

JK: I think tliat all these techndogies like 
diis are wonderful. 1 spend a bi of my time 
living on the bleeding edge, where weYe 
just trying to get sometliing done almost no 
matter hew painful it Ls. W w^ork with these 
kind of kluclgy custom-written things that 
just barely woA well enough to get lliioLigh 
the shot or you really wouldn’t want to do 
that a whole bt more. And what happens 
is that like five years down die line, die com¬ 
mercial applications end up with a lot of 
functionality that wc have very pLunstakingly 
liand cmfted—like morphing, for example. 

Back on Wtilav ktai 19881 Doug Smythe 
spent time writing the first moipfiing pro¬ 
gram tliat worked well for wliat w^e did and 
let us do these shots diat were sort of im¬ 
possible odierwLse. We made gcxxl use of 
it. 1 used it on The Ah)^s.s to actually do the 
lace animation with moiphing. We used it 
on Terminator2. Tlien Elasdc Reality hit die 
market and once that capaliiiity w:ts present 
in die commercial program, it was at least 
as good as our morph program. In some 
ways, it was better, and there was no rea¬ 
son to keep working on our program. 

A commercial application now had the 
same fLinctionality, and you could buy it 
for nothing. ThaTs a good example of 
something that we sort of suffer through 
gening the first version, and then people 
see the results of that, and they go, 
man, 1 want thisY So a bunch of com¬ 
mercial developers can jump in and say, 
''Well we can provide that." They write a 
good interface on it, on sometliing that’s 
actually debugged with appropriate error 
messages md all those kinds of things that 
commercial software brings to the equa¬ 
tion. And tlien it’s available to everybody, 
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A Windows 
3D Model Viewer 
for OpenGL 


Combining Win32 
with OpenGL 


Jawed Koriin 

O penGL is known in the UNIX 
world as the 30 API behind high- 
powered scientific applications. It 
has recently gained attenticjn in the 
PC sector^ thanks to the computer-game 
industry, which has embraced OpenGL 
as an API standard for 3D game pro¬ 
gramming. Furthermore, 3D hardware 
acceleration for PCs has extended the 
range of applications for OpenGL even 
further. 

The OpenGL API is intuitive^ easier to 
usCj in my opinion, than Microsoft's Di- 
rect3D API, and is portable among plat¬ 
forms. In this article, HI present a mod¬ 
el viewer for use with OpenGL on 
Windows 95/NT. First, however, HI de¬ 
scribe the important parts of a Quake2 


Jawed studies (xymputer science at the Uni- 
uersity of Illmois at Urbana-Champaign. 
He wrhs pad-time at the National Cen¬ 
ter for Supercomputing Applications, and 
can he contacted at jkarim^students 
uiucedu. 


model viewer—an OpenGL-based sy.s- 
tem written in C/C++—that displays 
wire-frame and text lire-mapped models 
(see Figure 1) from Quake2 and provides 
a basic interface to modify their appear¬ 
ance. In the prtjce.ss, Fll focus on file for¬ 
mats fMD2 files for models, and PCX files 
for textures), passing the data contained 
in the files to Ot^enGL for rendering, and 
interfacing Win32 witJt OpenGL u.sing an 



API called "WGL." The archive Q2M- 
SRC.ZIP contains the QuakeZ Model 
Viewer source code, while Q2M-BIN.ZIP 
is the QuakeZ Model Viewer FXE file 
Both are available electronically; see “Re- 
,source Center,” page 3. 


Reading the MD2 File Format 

The only official source of information 
about Quake2's MD2 forniiit is code by 
John Carmack of id Software; tliis code 
writes 3D polygon mesli data to an MD2 
file (available at ftp://ffp.idsofiware.com/). 
Anyone who has looked at this source 
code will notice that some of the structs 
in Quake2 Model Viewer's md2Ji (avaiU 
able electrc3nically) are derived from it. 
Writing the MD2 reader basically involves 
ccjnverting John’s ccxie horn reading MD2 
flies to writing them. Figure 2 illustrates 
the binary sUTiclure of an MD2 file. 

To display liie textured Quake2 mod¬ 
els, four specific types of inlbrmation are 
needed (see Figure 3): 

• 3D vertex coordinates, 

• A list of triangles consisting of those 
vertices. 

• 2D texture vertex coordinates {one for 
each 3D vertex). 

• The texture image. 

All of tlie 3D vertices in the model are 
stored in one array. When the triangles 
(which are made op of those vertices) 
are defined, all that has to be stored for 
each vertex of a triangle is an index num¬ 
ber to ilie big vertex array. The reason 
for this is simple- Since many of the ver¬ 
tices are shared between triangles, stor¬ 
ing each vertex once saves memory. In 
addition, linear transfonnadon.s can be 
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(continued from page 44) 
performed on the entire array at once, 
thereby speeding rendering time. Since 
the texture image itself is not a part of 
ther MD2 file, it can be read in from a 
conventional PCX file. 

Before starting, you must know how 
much data to expect. 'Hie file’s header sec¬ 
tion tells you the numlier of vertices, tri¬ 
angles, and texture coordinates contained 
in the file. Knowing when to stop, you 
can go into a loop and read the informa¬ 
tion in chunks. To store all the data, use 
the vertex stmaure in Listing One (list¬ 
ings begin on page 96). 

Each triangle is defined by its comers, 
and c These values are indices to 
an array of type mal^_vertexjist^ which 


Ls a list of all 3D vertices in the entire mcxl- 
el. The remaining six integers repreuSent 
die 2D texture ccxirdinates for every ver¬ 
tex. Listing Two is an example of a struc¬ 
ture for holding this data. Using such a 
structure, the coordinates of die three ver- 
dces of the first triangle in the model can 
be referenced (see Listing Tliree). 

In a Quake2 model, die only things that 
differ from one frame to the next are the 
3D coordinates of die triangle vertices; tlie 
vertex indices and texture coordinates re¬ 
main the Siime. From fnimc lo frame, each 
triangle still consists (^f the Scime three ver¬ 
tices—-only the vertices undergo linear 
transfomiations. To liold each frame in an 
array, you create another array of type 
(Listing Four), each of 



Figure I: We 3D model ineujer in 
acHoTL 

which contains an array of vertex coordi¬ 
nates (Vertex 1, 2, and 3, respectively). 
There exists one copy of this array for 
each frame. Having filled ^dl of the data 
structures, you can look up the coordi¬ 
nates of any polygon in any frame; see 
Listing Five (the cotirdinates of polygon 
P in frame F). 

Texturing the Object 

Quake2's model textures reside as sepa¬ 
rate PCX files, either in the pakO.pak file 
or quake2/baseq2 directory. Since Open- 
CiL itself does nol provide a way to read 
the binary PfJX grapliics file formal, you 
can read the PCX file and pass its data to 
OpenCjL, 

Figure 4 describes the PC"X format. The 
tliree basic sections in the file are the 
header, pixel data, and palette data. You 
can use two amiys of type unsigjtecl char 
m store the la.st two sections. The head¬ 
er contains some basic infonnation about 
the particular Hie, such as die PCX ver¬ 
sion, and the file dimensioas. If the file is 
actually a PCX Version 5 file, the first two 
bytes in the file must lie equal to 10 and 
5, respcxlively. Having determined the im¬ 
age dimensions from the header section, 
you dynamically allocate an array of type 
nmigned char of size(widih^beighi) for 
the pixel data and read it into the buffer 
byte-by-byte. Because a Version 5 PCX 
file can support exactly 256 colors, the 
size of the palette section is always 768 
bytes (3^256, or RBG^256). 

When the Cl mage:: Read (char fUe- 
namefjj funcdon is finished, the m^ptc- 
el_huffer army is filled widi all the pixels 
in the image, and m_paie{te_buffer con¬ 
tains consecutive RGB values for each of 
the colors. 

How do you get the color of a specif¬ 
ic pixel in the image? Tlie pixel buffer sim¬ 
ply contains index values of the palette 
buffer. Listing Six shows two methods. 
Tlie R, G, and B components of the first 
pixel (pixel zero) in the image are Listing 
Six(a). However, l)ecause the palette ar¬ 
ray contains consecutive RBG values 
(RGBRGBRGBRGB...) for all the colors, 
the individual R, G, and B values at pix¬ 
el position P are obtained by pioperly off¬ 
setting the array index; see Listing Six(b). 
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The modelheader is a structure 
of type dmdLt, It contains 
values describing the amount 
of data contained in the file. 


Skin names (not used). 


An array of structures of type 
dstvertj contains texture-mapping 
coordinates for each vertex. 


The triangle structure holding 
array indexes for the two arrays 
containing all vertices and texture¬ 
mapping coordinates. 


This is the actual structure containing 
the 3D vertex xyz coordinates. 


Figure 2: The binary structure of an MD2 file. 



U>[0] 


e»llj r 


t 


uttiait 
la, t> 


e»[3I» 


(a, t) 


taiUJt 
la, t> 


VaccntO] I 

(a, y, a) 


Verrex[l] » 

(a. y, «) 


V«ccax(2 ]t 

(14 y, 


V«st«x(3J: 
|iti T, »l 


Vci;tex(4) t 

(K, 7, X) 


Vertex[51i 
1*4 y, *» 


Vertex(<Jt 

(*» y» a) 


Vertex[7} 

la, y, a) 


Vertex[81t 
l*» y, *J 


30 Vertex Coordinetee Trianglee 


Texture-Mepping Texture 

Coorcfinatee 


Figure J; The types of information needed to display textured Quake2 models. 
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Finally, to be able to reference color val¬ 
ues at specific fX,Y) coordinates in the 
texture, P Ls substituted by Width, 
where Width is the width of the texture; 
see Listing Six(c). 

OpenGL 

Once the neces^siiry data Ls organized and 
stored in tnemor^^, you can start render¬ 
ing using OpenGL. But first, some of 
OpenGL's texturing options must he set. 
In particular, you must specify how to tieat 
textures when wmpped and indicate I lie 
""minification'' and magnification filters 
(Listing ^krven), 

In addition, Imk-fatx? culling and tex¬ 
turing have to lie explicitly enabled. Since 
you won't be kioking at the liacksides of 
polygons, you only have to enable^ front¬ 
side filling of polygons, bistly, you spec- 
ily tlie texture function (Listing Eight). 

OpenGL's grrexlm^ge2D() is the func¬ 
tion that actually textures tlie objecL It ex¬ 
pects to pawed, among r>ther pamm- 
eiers, a pointer to an array containing 
successive RGBA values for each pixel in 
the texture (for example, RG BARG BA- 
RGBA...). 

Thus, before calling glTexImcige2D( 
two clianges must he made: 

1. The pixel and palette data read fiom die 
PCX file must be copied into another 
array, of a format that grfexttnage2D( ) 
can accept as a parameter. 

2. Because OpenGL requires the dimen¬ 
sions of a texture to l>e powers of lwt>, 
the texture has to be rescaled first Lis- 
ing gltiScaleJtnage(}. 

Both of these steps are accoinplished 


in Clmuge::lmage2GLTexture(), which 
first creates a new array called unScaled, 
fills it with RGBA components, and 
rescales it to an appropriate size, Tlie loop 
in Listing Nine fills a new array writh 
RGBA components of each pixel in the 


WGL provides an 
interface between 
the Win32 API 
and OpenGL 


texture, again offsetting the array indices 
as in the PCX code. 

Now' the texture contained w ithin un- 
Scaied can he rescaled to have dimen¬ 
sions that are powers of two. To prevent 
die texture from losing much quality 
while keeping the performance at a rea- 
sonalile level, a power of two that is clos¬ 
est to the original dimension will used. 
Tor example, if the original width is 
greater than 256 pixels, the new dimen¬ 
sion should l:>e 512 pixels. If the original 
width Is 128 or greater (but less than 256), 


the rescaled dimension should be 256. 
After a series ofstatements have de¬ 
termined a good fit for tlie new dimen¬ 
sions, a call to giuScaisImaget) rescales 
the texture (Listing Ten), 

Finally, the glTexture array can be 
passed to OpenGL as follow^s: glTexIm- 
age2D(GL_TEXTURE_2D, 0,4, scaled- 
Width, scaledHeigbtA GL_RGBA, GLJilN- 
SIGNED_BYrE, glTexture);. Table I 
provides a quick explanation of the pa¬ 
rameters. 

Creating an OpenGL 
Rendering Contexf 

WGL provides an interface between the 
Win32 API and OpenGL. It sets up a 
palette lor your rendering window and 
iiandles such things as double buffering. 
To do this, you usually need to use four 
or five of the fewer than 20 WGL func¬ 
tions. 1 have written a basic C++ wrap- 
jier class for the functions that is easy to 
use. Most of the code in the COpenG- 
LWindoiv class is taken from Silicon 
Graphics' OpenGL Developer Tools CD- 
ROM for Windows 95/NT, which inter¬ 
estingly has become a collector’s item 
since SGI's ‘"Fahrenheit” deal with Mi¬ 
crosoft. (SGI is cooperating with Mi- 
LTcisoft on the next generation of Open¬ 
GL. Since the agreement, SGTs, OpenGL 
drivers for Windows 95/NT have disap¬ 
peared from the SGI web site, and the 
SGI OpenGL Developer CD-ROM for 
Window^s 95/NT is hard to come by, 
However, there are several web sites mir¬ 
roring its contents, including http ://jawed 
.ncsa.uiuc.edu/.) 

'Hie dimensions of the rendering win¬ 
dow' are passed to die constmetor, [>ut its 
window handle must be passed to the 
OpenGLWindow::Create() class member 
function to actually create the rendering 
context. 

WGL does not physically create a win¬ 
dow for you; that is Win32’s responsi¬ 
bility. WCLL creates an OpenGL render¬ 
ing context for a window that has 
already been aeated. If you w^ant a win¬ 
dow to create and destroy its OpenGL 
rendering context as the window is cre¬ 
ated and destroyed, simply catch the 
WM.CREATE and WMJ)ESTROY mes- 
.sages in die window's window' procedure. 
Tlien call CypenGLWindmv-Createt) and 
OpenGLWmdotu::Destroy(), respective¬ 
ly, as has been done in inter.c's Graph- 
icsFroc function (available electronical¬ 
ly). The only other time you really need 
to use WGL is for a system palette 
change. Windows will indicate that such 
a change has been made by sending a 
WM_PALETrECHANGED message to ev¬ 
ery window^ and then OpenGLWin- 
dowcRedoPaletief} will take care of the 
change. 
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Figure 4: The PCXfoifuat. 
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Code 

Definition 

GL^TEXTURE^2D 

Defines a two-dimensional texture. 

0 

Supplies one texture as multiple resolutions. 

4 

indicates which of the R, G, B. and A values are used. 

scaledWidth 

New width. 

scaledHeight 

New height. 

0 

Width of the border (no border). 

GL_RGBA 

Format of the texture data. 

GL_UNSJGNED_BYTE 

Data type of the texture data. 

gFTexture 

Pointer to array containing texture to be rescaled. | 


Table 1; Explanation of the parameteTrs in glTexIiTiage2DfGL_TEKTUKE_2D,0, 
4,5caledWidth, scaledHeight,0,GL^RGBA,GL_lTNSIGNED_BYTE, gITextore);, 


Drawing Hie Entire Model 

Inter.cpp's redrauf) fiinction (available 
electronically) redraws the entire model 
in its current state by specifying all of the 
triangle vertex coordinates and texture 
mapping coordinates between giBe- 
gin(GLfnUANGlES) and giBndd Tliis re¬ 
quires three calls to glTexX^loord^O (two 
parameters) and glVertexS/O (three pa¬ 
rameters) for every triangle. One thing to 
note about the glT€XtCoord2j() function 
is that OpenGL expects texture-mapping 
coordinates to be relative, not absolute. 
To obtain these coordinate values, divide 
the original texture mapping coordinates 
from the model by their maximum range 
in the texture. In other words, divide tlie 
S component by the texture map's width 
and divide Tby the texture map*s height. 
These values will fail between 0 and ! 
and remain unchanged when die texture 
is resized. For instance, (0.5, 0.5) will al¬ 
ways point to the center pixel of the tex¬ 
ture, no matter whether the texture di¬ 
mensions are 173>^233 or 256x256. Of 
course, doing a floating-point divide three 
times per loop is inefficient. By storing 
these values ahead of time the loop's ef¬ 
ficiency could be improved greatly. 
Between frame redraw'S the rendering 
window's window^ procedure keeps track 
of mouse movements and mouse button 


activitv by listming to ^TVI„MOUSEMOVE, 
and WM_^BUTTON(UP/DOWN) mes¬ 
sages. The movemeni increments are then 
temporarily stored in vwo arrays— one 
for translational movements, and anotlier 
one for rotations. At the beginning of each 
frame redraw tlie linear transformations 
are carried out using glTramlale() and 
glRotateiX 

Conclusion 

Although OpenGL is straightforward to 
use, simply knowing die AP! is not suffi¬ 
cient. Since OpenGL does not provide 
functions to read 3D model and texture 
files of your preferred format, a basic un¬ 


derstanding of 3D concepts and some 
amount of manual data manipulation is 
also required. Combining Win32 with 
OpenGL makes it possible to develop ap¬ 
plications witli user-friendly interfaces and 
impressive 3D graphics. 

Keep in mind that one of OpenGL's 
bonuses is ponability . Porting your Win32 
OpenGL applications to X under LTNTX 
should not be much more difficult than 
cutting and pasting some of the grapliics 
code. Of course, creating another inter¬ 
face from scratch will Ire necessary. 

DDJ 

(listings begin on page 960 
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The Kernel 
Graphics Interface 


A portable 
high-peiformance 
graphics subsystem 

Andreas Beck 

D etermining^ how an openiling system 
should handle graphics is an exer¬ 
cise in tradeoffs. If you are interest¬ 
ed in tlie fastCvSt possible graphics 
performance, tlie only solution Ls for your 
application to work directly with the 
graphics hardware witliout regard to se¬ 
curity, Howevei; if you are willing to sac¬ 
rifice a litde bit speed to gain portabil¬ 
ity and a degree of safety, GGl a^uld help 
you a lot. 

The GGI (General Graphics Interface) 
project (http://www,ggi-project,org/) is 
intended to bring safe, fast, and portable 
graphics to a variety of platforms and 
operating systems. GGl consists of user- 
level libraries of basic graphics functions 
and kernel-level drivers that handle the 
low-level graphics routines. The Kernel 
Graphics Interface (KGl) Is tlie kernel con¬ 
sole interface upon which the Linux im¬ 
plementation of GGI is based. Figure 1 
shows how' GGI and KGl are related. In 
this article, 1 describe the motivation, ar¬ 
chitecture, and implementation of KGL 
GGl is not confined to Linux, nor to 
KGT as die display subsystem, LibGGI is 
a lightweight graphics library that mas on 
a variety of platforms and graphics sub^ 
systems like X-Windows (tested on Solaris, 
AIX, IRIX, Linux, and others), SVGAlib 


Andreas studies physics at the University 
of Dusseldorf Germany. He cafi be 
reached at aridreas.heck^ggi-project.org. 


(Linux), or other native grapiiics interfaces 
like the Sun frameliuffer device. Ports for 
more taigets (such as Micrasoft Windows) 
are in the works. 

The Problem 

The job of an operating system is to ar¬ 
bitrate access to hardware to preserve the 
stability of tlie system, prevent softw'are 
from damaging the hardw^are, and pro¬ 
vide die software wilii an abstracted view 
of the hardware. 

Few operating systems do this proper¬ 
ly for graphics cards. Graphics support is 



either placed entirely in die kernel (like 
NT) or is left to user-mode applications 
with special permissions (like traditional 
linux SVGAlib or X applications). 

From a security point of view, there is 
nothing wrong with placing all graphics 
funaionality in the kernel. The problem 
IS that it vastly increases the kernel size 
at die expense of stability. Video drivers 
become more difficult to write and espe¬ 
cially to debug— and errors in the drivers 
impact system stability. 

On the other hand, the SUID root ap¬ 
proach used by X and SVGAlib presents 


some security hazards. In general, you 
want to avoid running any applications as 
SUTD root, since buggy or malicious code 
can easily be manipulated to break into, 
or simply break, a system. 

A malicious, or merely carelessly pro¬ 
grammed, graphics application can eas¬ 
ily hang the system by causing a bus 
lockup (possible with many graphics 
cards due to bad programming), leaving 
the console in grapliics mode (making 
it hard to use die system), or locking out 
virtual console switching. Worst of all, a 
malicious application might even be ca¬ 
pable of damaging hardware by pro¬ 
gramming unsuitable clocks, thus over¬ 
loading the ILAMDAC and/or monitor. 
While most modern monitors have pro¬ 
tection circuitry for tliis, RAMDACs are 
usually without defense. 

X circumvents this problem somewhat 
by Ix^ing a client-server system, wiiich pro¬ 
tects die privileged server from malicious 
or buggy user code. Yet even then, it is 
still possible to abuse die X server, for in¬ 
stance, to read any file on your system 
(see http://ww^w.rootshell.com/). 

SVGAlib is a bigger problem, because 
its applications must be SUID root. Con¬ 
sider the binary-only releases dial are nec¬ 
essary for commercial games but must nin 
SUID root. Would you trust all vendors 
not to spy on your system? Would you al¬ 
ways check PGP signatures to make sure 
you don't have a hacked copy with some 
Trojan Horse? Even worse, normal users 
can’t develop SVGAlib applications since 
root access is necessary to give appropri¬ 
ate permissioas to tlie executable so it can 
be tested. 

The Solution 

KGl Uies to address these problems by 
moving only the critic^al part— the actual 
programming of the graphics liardware— 
to the kernel. This reduces the security 
problems to those that any UNIX device 
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(continued from page 50) 
exposes: inappropriate file system per¬ 
missions und l-iugs in tlie driver. 

KG I does not do the actual drawing in 
the kernel. It’s not necessary', and doing 
so would inaease tlie possibility of errors 
tliat are even more serious wheri diey iiap- 
pen in a kernel context. The KGl driver 
is designed to he a thin layer around tlie 
hardware functionality. It only abstnicLs 
functions fliat are fairly standard bctwecm 
different cards. 

Function.s lor setting up modes and 
some common accelerated dmw'ing func¬ 
tions are available via a standard com¬ 
mand AJ^I, while card-specific quirks are 
exported in a private command area that 
is called by a card-specific user-mode 
counterpart, 

Implementafion Considercifions 

Speed is die main problem with a graph¬ 
ics interface tliat is at least partially run¬ 
ning in kernel mode. If you needed to 
make a kernel mode call every tinie you 
called a basic funaion like drawing a pix¬ 
el, the system would crawl. 

Fortunately, almost all available cards 
have some notion of a framebuffer a por¬ 
tion of the onboard Video KAM (VRAM) 
mapped into die CPU\s address sparse. Ac¬ 
cessing the VRAM is noniiaily considered 
a .safe operadon. Some hardw^are acceler¬ 
ator registers are mapped to VIOVM, liut 
tliese can normally be excluded by the 
kernel code via tlic MMLI of the host CPU. 

From user-mode, tfie KGJ driver API 
exposes a command interlace that needs 
to do a user-tt>kernel transition (tinder 
Linux, an iocti call to /dev/grajihic), and 
a memory-mapped linear framebuffer 
continuous area in RAM that represents 
the VRAM contents. 

Not every graphics card has a linear 
framebuffer Flow ever, as those of you 
who are familiar watli lOJGPP may know, 
tliere is an elegant solution for this: the 
MMU. If die card exports a banked-.style 
buffer {for example, a 64K window at 


OxAOOOO. as old Trident B900s did), it is 
mapped at the appropriate place in a vir¬ 
tual memory' area as big as a linear buffer 
of the card W'ould be. The other areas are 
marked to be swrapped out. If such an 
area gets liit, the driver is notified, moves 
the card's window^ accordingly, and cor- 
recLs the mapping. 

There are some speed problems witli 
tliis, because the MMLf trap is expensive 
compared to just setting the bank willi an 
“out" instruction. At the same time, due 
to the de.sign ol‘ most sucli cards, we c^an- 
not export the banking register to user 
space anyway, l>ecause of security con¬ 
siderations (it is normally on an indirect 
register dial also htjsts CRl'C timing, and 
so on). On the odier hand, this approach 
leaves bank-crossing-detection to the 
MMU and thus saves unnecessary (some¬ 
times nontrivial) checking code. 

Now, we have a decent and fairly fast 
interface for all common tasks. All really 
primitive things that are not worth the 
overhead to call into the kernel (Draw- 
Pixel, very short lines, and so on) are per¬ 
formed via the MMAPed VRAM. More 
complex and administrative functions are 
performed via the command interface. 

One other catch is that you probably 
do not want lo w rite any emu la Lion code 
into the drivers for cards thiit do not have 
a particular function accelerated. Micro¬ 
soft's fhrectX liandles this j^roblem using 
capability bitmaps. Having capability 
bitmaps means dial you can queiy^ to see 
if an acceleration function is available via 
some kind of a bitmap or test for a NLTLL 
pointer. In our opinion, this is too hard 
to extend, Ixxause you have to extcmcl the 
bitmap or table witli every new' version, 
making lots of revision checks necessary 
to see if a particular capability' is accessi¬ 
ble in a given revision at all. So we chase 
another way to handle software fallback 
for our acceleration code. 

An accelerated function call always re¬ 
turns a stauj.s code that either says *'com- 
pleted successfully" or an error code diat 


suggests what to do instead and also how^ 
long that information is valid. 

Tlie suggestion can say: 

• (CANNOT: Tills is returned for hardware- 
specific operations or context-sensitive 
operations (for instance, trying to set 
the frame for video overlay on a board 
without such capability). 

• USE.LOWER: This is used when it is 
most likely a good idea to use a set of 
simpler acceleration calls (for example. 
Losing multiple horizontal lines to draw 
a box), l^ecaiLse the resulting calls would 
lx* accelerated. 

• l.TSE_MMAP: Tlii,s is returned when no 
simpler accelerator calls are supported, 
rhus, it Ls advisjible not even to try them, 
but rather to directly draw' on the 
MMAPed VRAM. 

The expire information tells how long 
tills information is valid. This allows us 
to avoid having to call the accelerator 
function each time for cases where a cer¬ 
tain accelerator function may be only 
temporarily unavailable. 

• NOW: Retry next time. It can't be done 
just now, liecause tlie accelerator is too 
busy or some similar problem that is 
likely to go away die next time die fiinc- 
licn is called. 

• GC: Retry when the graphics context 
has changed (for example, if die accel¬ 
erator cannot draw with a given raster 
operation), 

• MODE: Retry when the mode has 
changed (dial is, if the accelerator can¬ 
not lie enabled in a specific mode as in 
die VGA compatibility modes of many 
common accelerators). 

• ALWAYS: The accelerator never has this 
capability. 

The advantage of handling software 
fallback this way over a DirectX-style 
bitfield is that this is extensible in a 
ctjmpatible w^ay on both kernel and user 
sides. A new'er KGI driver will know 
some new command codes that older li¬ 
braries won't know^ about. So, you could 
lose a flit of extra acceleration with old¬ 
er libraries, but it's better than lieing in¬ 
compatible. 

A newer library may use some com¬ 
mand ccxles that are not supported by old¬ 
er drivers. This triggers a “default" case 
tliat deals with the eonimands and alw'ays 
returns ENOSUP_ALWAYS.LOWER or 
ENOSUP_ALWAYS„MMAP (depending on 
whether or not the driver lias a reason¬ 
able base set of accelerated commands). 
Tfiis return code causes the library to per¬ 
manently disable the accelerator call after 
tlie first try and use an emulation routine 
instead, Again, you may lose a bit of po¬ 
tential acceleration if your kernel isn't up 
to date with the library^ but it still works. 



Figure I: How GCf and KGI are related. 
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(coniinued from page 52) 

Enhancement 

While the scheme described earlier is 
enough for normal applications, there 
have always been some drawbacks to this 
approach: 

• Only relatively common acceleration 
commands are supported Adding all 
the card specihcs would result in an in¬ 
credible number of commands. In ad¬ 
dition to the number of commands in¬ 
creasing astronomically, it is very 
possible thitt differenl accelerator func¬ 
tions in two differenl drivers could end 
up using the same command codes, as 
drivers are developed indej^endently. 

• There is no direct way to get at the ac¬ 
celeration registers, even if tliis is oth¬ 
erwise safe to do (which it is for a few 
very high-end cards). 

• Some cards have multiple memory ar¬ 
eas for textures, overlays, and so on. 

The EvStack 
Kernel 

Enhancement 

E vStack is an extremely flexible con¬ 
sole system we designed to over¬ 
come some limitations of the cur¬ 
rent Linux-KGI kernel patch, which 
breaks some features and programs 
(notably XFree and vSVGAlib). Tlie ba¬ 
sic idea behind KvSiack is to pass 
events bet^'een independent modules 
instead of liardwiring tlie calls. lliLs al¬ 
lows you to plug together a con.sole 
and dynamically sw^p out parts, like ' 
the VT-emulation. Under EvStack, you 
can have xremi, Linux, and dunib coo- ; 
soles on the same machine as well as 
different fonts, screen sizes, and screen 
modes (for instance, graphical con¬ 
soles) on the different virtual termi¬ 
nals. With the EvStack patdi installed, 
you am do one of three things: 

■ Turn EvStack off at compile time, giv¬ 
ing you traditional Linux console code. 

• Turn R\'Stack on, but load or com¬ 
pile in the coniinux.o module, giv¬ 
ing you traditional Linux behavior 
running on the new code. 

• Turn EvStack on, but don't load 
conlinux.o, giving you pure EvStack 
behaviGu with the additional con- 
linux API disabled and ail configu¬ 
ration occurring via /proc. 

— A.B. 


• Tliere is no way to support display lists 
or similar tilings diat would dramatical¬ 
ly reduce the number of user-to-kernel 
transitions and, thus, overhead. 

To overcome these limiiatioas, KGI al¬ 
lows exporting additional API functions iliat 
albw you to circumvent tliese problems: 

• Private commands. KGI reserves an area 
for private command codes. These are 
liandled by a card-specific library in user 
space to make the i)est possilMe use of 
the card, 

• Mapping of card Memory-Mapped 10 
(MMIO) areas, or eventually allowing 
acce.ss to tlie card's ports if this is safe 
(ufi to now, we have not found cards 
where port access is safe). Here, too, 
card-specific libraries are used to con¬ 
vert I he card-specific API represented 
by the MMIO area to the common API. 

• Mapping of cards' additional memory 
areas like texture memory, YUV over¬ 
lay planes, and so on. 

• Pin^^ong buffers, which ^tre simply filled 
wdth commands (all in user space) and 
then executed with a single command 
(one user-to-kernel inm.sition). Tills op¬ 
eration can he done asynchronously 
with die pnogram continuing to execute 
on tlie host CPU, while the accelerator 
is fed with commands using either 
DMA, accelemtor-generated “accel-idle" 
or “accei-buffer-lowTvaier” interrupts, or 
hfjsL-generated timer interrupts, Tliis al¬ 
lows for maximum throughpuL as the 
host CPU can prepare die next drawing 
commands while the accelerator Ls still 
drawing die last batch. 

Multiple APIs and libraries 

1 have talked about having multiple APIs. 
Hcjw do you know which particular APIs 
are present and how to make use of them^ 
How do you avoid a horrible mess where 
die applications inuist know all of die APIs? 

This is one of the reasoas for LibCXil, 
which consists of a basic stub library^ and 
a radier large bunch of API libraries that 
build the bridge between the various liard- 
ware (or software—LibGGl can also be 
used to display in an X-Window) APIs and 
the LibGGl API. When setting up a mode, 
LibGGl asks the target (KGI in our case) 
for a list of the exponed APIs, a set of 
strings that classify how you can access 
various card features. Figure 2 shows a 
typical API list. The meanings of the 


"generic-linear-8" 
"g-eneric^ioctl*^ 

" gena r ic - r amda c " 
"Sa-generic" 
"S3'virg€" 


Figure 2: Typical API iisL 


strings, which are listed in increasing or¬ 
der of precedence; see Table 1. 

The libraries are loaded in a way that 
allows more specific functions to overioad 
the more generic ones, automatically yield¬ 
ing a startup configuration that always 
uses the best available function. In some 
cases (as with the ioctl API), these entries 
can be altered at mn time if functions are 
not available. 

One prolilem remains. LibGGl can only 
make use of functions that are needed for 
implementing tlie LibGGl API. If you look 
at these functions, you will realize that 
they account for few of the functions a 
card can support. 

We have decided to keep LibGGl small 
to save space for simple applications and 
tilings like embedded systems. For more 
complex functions, LibGGl allows the reg¬ 
istration of extensions like LibGGI2d and 
Mesa-GGI, which add support for the APIs 
necessary for specific tasks. 

Implementation Details 

Additional goals with the design of KGI 
included: 

• Easy driver writing. 

• Modular design for cards that are niade 
from similar components (S3 cards with 
different KAMDACs, clocks, and so on 
are a good ex^imple). 

• A simple w ay to enhance drivers for fair¬ 
ly compatible future generations of 
known cards. 

• Full abstraction from die operating sys¬ 
tem for easy portability. 

These are achieved by using a modular 
design approach that makes every KGI 
driver consist of six basic modules: 

• Chipset modtile. Tliis controls all func¬ 
tions related to mode setup, CRTC pn> 
gramming, RAM dining dwactetistics, in¬ 
terfacing RAMDAC and Clock, and so on. 

• Clock mexiuie. This controls the pixel 
clock generation. This is separated from 
the chipset driver, as there are cards 
(S3, for instance) that have the clock as 
a physically distinct chip, with the dif¬ 
ferent cards made by combining basic 
chipset, clock, and RAMDAC chip in 
different ways, 

• RAMDAC module. The RAMDAC mod¬ 
ules LS similar to the clock module, but 
controls the RAMDAC features like 
palette setting, VRAM-bus activation, 
RAMDAC-internal hardware cursors, 
Gamma correction, and the like. 

• Grapliics (accelerator) module. Some 
chips have tlie acceleration engine ei¬ 
ther detached from main chipset or use 
the same or very similar acceleration en¬ 
gine on different chipset versions. Thus, 
separating acceleration programming 
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from the other aspects of the card makes 
sense (that is, all newer S3 cards can be 
mn witli the S3 generic acceleration driv¬ 
er). Not all of the capabilities of very 
new cards would be used, but driver 
development is eased quite a bit, since 
you can try out your new chipset driv¬ 
er without having to write a graphic 
module. 

• Monitor module. What features are there 
in a monitor that will need a driver? At 
the very least, such things as timing lim¬ 
itations, easuring that the image is cen¬ 
tered on the screen, {x>wer-saving ca¬ 
pabilities, and more. Being able to use 
any of these requires some knowledge 
about what the monitor supports. The 
monitor driver allows safe access to 
these features, and automatically choos¬ 
es suitable timings. 

• Kernel module. This does the interfac¬ 
ing to the host OS. It implements access 
methods to the hardware, to PCI ser¬ 
vices, and so on. In theory, we should 
be able to run the same KGI driver on 
different operating systems by just link¬ 
ing with a different kernel mc^ule. (We 
have not yet tried this because we are 
currently restructuring the Linux con¬ 
sole. Porting efforts now would result 
in a lot of duplicate work.) 

Conclusion 

Wliat does Linux gain by using KGP First, 
the graphics card is handled like any oth¬ 
er device, which means that arbitration 
and access to critical registers occur in one 
central place—the kernel. 

Second, since the kernel is able to con¬ 
trol the graphics c'ard, we have a few new 
capabilities: 

• A real Secure Attention Key (SAK) that 
can kill off graphical applications safe¬ 
ly because the kernel itself is able to re¬ 
set the graphics card to a sane state. 

• Simple and safe resizing c'ap>abilities for 
VTs. For example, with KGI, you can 
implement VTKX) ESC codes that were 
impossible to implement without these 
resizing capabilities. 

• Support for graphical consoles, thanks 
to the new EvStack kernel enhancement 
(see the accompanying text box entitled 
“Tlie EvStack Kernel Enhancement”). 
Tliis is immensely desirable for hard¬ 
ware that has no VGA-like text mode 
or for languages tliat require the ability 
to represent more than 256 characters. 

• The ability to operate the graphics card 
in MMIO mode, which means that the 
registers of the card are mapped to a 
programmable place somewhere in the 
memory address space, thereby freeing 
die VGA registers in lO space. As a re¬ 
sult, Linux/KGI is multihead capable 
with cards that support that feature. 


String 

Meaning 

S3-virge 

This is an S3 Virge 
c:ard. If ycxj have a 
specific library that 
knows the API and 
the Virge-specific 
functions, then load it. 

S3-generic 

The kernel knows 
which functions are 
available on all S3 
cards. 

generic-ramdac, 

generic-iocti 

The generic RAMDAC 
APIs are supported, 
as is the KGI-ioctI 
interface. 

generic-llnear-8 

The card (for this 
mcxie, anyway) has 
a linear framebuffer 
with eight bits per 
pixel. 


Table 1: The meaning of the strings in 
Figure 2 (from bottom to top). 


Third, together with LibGGI, you have a 
lightweight, portable, and fast graphics sub¬ 
system. (A single-disk demo that uses a 
mere 700-KB compressed image is available 
electronically; see ‘'Resource Center,” page 
3, or my home page at http://suaserverl 
.rz.uni-duesseldorf.de/~l^ecka/.) lliLs is of 
special interest for embedded systems, 
which can now use Linux instead of rela¬ 
tively expensive and less open (“nice 
README, but where Ls the source?”) solu- 
tioas like QN'X or Windows CE. 

Finally, you will no longer liave danger¬ 
ous SUID root graphics applicatioas. The 
(jGI project has devebped Ixith a wrapper 
library that allow^s most SVGAlib applica¬ 
tions to run without root permissions, and 
a replacement X server c'alled Xggi. 

Resources 

The GGI homepage (http://www.ggi-pro- 
ject.oig/) contains snapshots of the latest 
source, instructions on how to obtain them 
via CVS, links to GGI-relevant web sites, 
and up-to-date information about the pro¬ 
ject. Our mailing list is hosted at ggi-de- 
velop@eskimo.com. Subscription infor¬ 
mation is found on the GGI web site. If 
you plan on subscribing, be prepared— 
the list has high traffic. 
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Affine Texture 
Mapping 


A fundamental 
technique for 
graphics programmers 

Andre LaMothe 

I t used to l?e you could get away with 
developing fiat shaded 3D computer 
games and engines. But if your soft¬ 
ware doesn't support texture mapping 
these days, it will likely end up in the bar¬ 
gain bin. One form of texture imipping is 
“affine” texture mapping, which is funda¬ 
mental to many forms of 3D rendering, 
induding light interpolation and otlier sam¬ 
pling type operations. In this article, !11 
present an affine texture mapper that can 
texture map a 64x64-pixel/256-color rect¬ 
angular bitmap onto a triangular polygon 
with full texture coordinate support. In 
addition, ITl include a demo that loads 
texture maps and draws diousands of tex¬ 
tured triangles a second. Although this 
demo is In DirectX, the ideas and con¬ 
cepts are applicable to otlier systems. And 
since the texture mapper is in straight C, 
if s totally portable. 

Getting Down to Specifics 

Assume you want to texture map a rect¬ 
angular bitmap that is 64x64 pixels in 256 
colors (one byte per pixel) onto an arbi¬ 
trary triangle with any coordinates. To do 


Andre is the author of Incks of the Game 
Programming Gurus, Teach Youiself Game 
Programming in 21 Days, Tlie Black Art 
of 3D Game Programming, and his latest 
creation, Windows Game Programming 
for Dummies. He can be contacted at 
necron@slip.net or at http://xgamc&3d.com. 


so, you need to take rotation and scaling 
of the triangle into consideration. To de¬ 
sign the algorithm that makes tfiis possi¬ 
ble, IVe labeled a number of poinLs of in¬ 
terest on Figure 1. First, the destination 
triangle is made up of three vertices— pO^ 
pf and p2, with coordinates (xf?, 
ixfyl), and ix2,y2), respectively. In ad¬ 
dition, the axes around the texture map 
are U and V, where U is the horizontal 



axis and V is the vertical axis. Both U and 
V range from (0,0) in the upper left to 
( 63 , 63 ) in the lower right. What you want 
to do is design an algoritlim that samples 
the texture map, so that the sampled pix¬ 
els can be used to color each pixel of each 
scanline of the target triangle polygon as 
it is being rendered. 

There are a number of ways to draw tri¬ 
angles, including tracing the edges of the 
triangle with a line-drawing algorihm (such 
as Bresenham’s) or witli simple interpola¬ 
tion. T prefer interpolation since it’s more 
straightforward. Also, the concept of in¬ 
terpolation Ls important because the tex¬ 
ture mapping algorithm is based on it. In 
Figure 2, all you have to do is find die 


points Csiiown as litde dots) that make up 
die integer rasterized version of the trian¬ 
gle. Once you find tliese dots tor each scan¬ 
line ilm makes up the triangle, drawing 
the triangle is nodiing more than per¬ 
forming a memory' fill from dot to doL Find¬ 
ing these points simply involves interpo¬ 
lating the sfope of each side of the triangle. 
Tlie interpolation is done as follows- 
You know that the heiglit of the trian¬ 
gle Is; 

dy^(y2-y0 )i 

and the difference in the “x'' between 
die lower-left vertex and the lower-right 
vertex is; 

dx_1e ft_ side=(x2): 
dx_ right _s id e=(xl-x0); 

TIuis, die slope of the left side is; 

slope_left_side=dy/dx_left_3ide 
-(y2-y0)/Cx2-x0): 

And, the slope of the right side is: 

slope_right_side=dy/dx_right_ 
side=(yZ^y0)/Cxl“X0): 

However, you don't exactly want the 
slope. The slope is the “change in Y per 
change in X.” This means that if you 
were to move over exaedy one pixel in 
the X direction, then the Y would 
change by the slope. You doni want 
this. In fact, you want the opposite— 
doc/dy — because you are drawing the 
triangle scan line by scan line and in¬ 
crementing Y each time; hence dy=f 
which is a constant. Thus: 

cix_left:_fiide-l=^ (x2-x0)/ (y2-y0) : 

and 

dx_right_side=l^(xl^x0)/ (y2“y0) : 

Listing One (listings begin on page 96) is 
a pseudocode implementation of the 
triangle drawing algorithm. 
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Other database engines require 
design or performance concessions 
when developing applications with 
complex data relationships. With 
the patented TITANIUM® multi¬ 
model database engine, you have 
the freedom to choose the database 
models which suit your needs, and 
enjoy unrivaled performance too. 

TITANIUM is the only database 
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access to the database using any 
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the ODMG-standard object model 
to manipulate complex objects and 
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models such as object-relational. 
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databases. 
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Figure I: Texture mapping source-to-destmalkm taMing, 
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Figure JL' lO texture mapping: (a) 1 x 4 ; (h) 1 x 14 . 



Figure 2: Screen pixel matrix. 
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One Dimensionol Interpolations 

Texture mapping a triangle with a rect’ 
angular texture map involves lots of in¬ 
terpolating, Coasequently, it's easy to make 
a mistake or to write a slow algorithm. 
With this in minch I’ll start with the sim¬ 
plest case in one dimension. Figure 3 il¬ 
lustrates the simplest texture mapper— 
the texture mapping of a single vertical 
line that’s one pixel thick and eight pix¬ 
els high. 

What you need to do is “sample” the 
texture map (in this case, a single 1x8 pix¬ 
el bitmap) and map it into the destination 
polygon, which is Ixn pixels, where n 
can range from one to infinity. 

As a first example, assume that your 
destination polygon is 1x4 pixels. It niakes 
sense that you want to sample the source 
texture every other pixel, as in Figure 3^ 
Thus, if you select pixels CO,2,4,6) of the 
source texture and map them into the des¬ 
tination polygon at pasitioas C0,h23)i then 
you are doing preUy good. But ho\\^ did 
you arrive at (0,2,4,®? The answer is by 
using a sampling ratio, which is nothing 
more than an interpdaiion factor. In gen¬ 
eral, sampling_raHo=source_h€ighV'desti- 
nationJ^eighL Tlius, die sampling ratio ts 
sampling_ratio^S/4=2, Thus, every one 
pixel you move on the destination poly¬ 
gon in the vertic’al axis, you must move 
two pixels on the source to keep up. 
That's where the “two” comes from and 
hence the sampling sequence (0,2,4,6). 
Unfortunately, this means you had to 
throw away half the pixels. This is a prob¬ 
lem with sampling on an integer matrix 
w ithout any averaging. If you were writ¬ 
ing a high-end 3D modeler (like 3D Stu¬ 
dio MAX), then you would probably av¬ 
erage the pixels you’re sampling (area 
satnpling) to get a l:>etter approximation, 
hut for games and real time, our technique 
will do. 

In the previous example, the source tex¬ 
ture was compressed; that is, the desti¬ 
nation was smaller than the source and 
information was lost. On tlie other hand, 
there could Ire die case that the destina¬ 
tion is bigger tlian the source, and there 
isn't enough information to go around. In 
this case, the source data must be sam¬ 
pled more than once and replicated. This 
is where all “chunkiness” comes from 
when texture mapped polygons get too 
close to you in a 3D game. There isn't 
enough texture data so some sample 
points are sampled many times, creating 
big blocks. Referring again to the second 
example in Figure 3, you see that the 
source Ls again 1x8, but tliis time the des¬ 
tination is lxl4 pixels. Obviously, you 
need a fractional .sampling ratio. Again, 
sa mpling _ratio =sou rce_height/d€stina - 
tion_height;. Thus, the sampling ratio is 
sampling _ratio= 8/14 =0.57 


Hence, the sample for every pixel you 
draw on the destination polygon should 
be taken 057 units from the last sample 
point on the source. This gives you the 
following sample point sequence for des¬ 
tination pixels (0,1,2,3,.... 13): 


Sample 0: 0.57 
Sample 1: 1.14 
Sample 2: 1.71 
Sample 3: 2.28 
Sample 4: 2.85 
Sample 5: 3 42 
Sample 6: 3 99 
Sample 7: 4.56 
Sample 8: 5T3 
Sample 9^ 5 J 
Sample 10: 6.27 
Sample 11: 6.84 


Sample 12: 7.41 
Sample 13: 7.98 

To get the actual sample points, you 
simply truncate the sample points in in¬ 
teger space or take the floor of each val¬ 
ue resulting in the sample points 
(0,1,1,2,2,3,5,^5,5,6,6,7,7), which sounds 
about right, ^ch point got sampled about 
two times, or 1/057. 

Multiple Itilerpolations 

Wlien I wrote my first affine texture map¬ 
per, I thought something must be wrong 
since it seemed like I was interpolating 
everything. The truth is, there is really 
no way around all the various inter- 
polants, and in the end, the inner loop 
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as “Programmer's Duct Tape”. While we 
might choose to compare Codewrtghf s 
macro languages with something more elegant, 
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and even easier to support. 

CrypKey also offers choices - integrate our SDK 
into your software, or use CrypKey Instant to 
protect your compiled exe in 5 minutes; no coding. 

Try it free from our website to see why we're 
rated #1 by professional programmers who seek 
the best combination of security, features, ease 
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for each pixel can be optimized into 
around 10 cydes/pixel on a Pentium, 
which translates to a theoretical maxi¬ 
mum of 10- to 20-million textels (tex¬ 
tured pixels) per second on a lOO-MHz 
Pentium. 

The idea behind the algorithm is that 
you want to interpolate down (he left and 
right edges of the triangle and draw each 
scanline strip as we go with the proper 
texture pixels. Wliat you need to do first 
is assign full texture coordinates to the 
vertexes of tlie destination triangle to give 
us a frame of reference for the inler- 
polants. Thus you must assign each ver¬ 
tex a iu,v) texture coordinate, as in Fig¬ 
ure 4. Therefore, each vertex has a total 
of four data components—that is, it’s a 
40 value. Since the source texture map 
is 64x64 pixel.s, the texture coordinates 
must range from 0-63 for any vertex. This 
will map or stretch the texture map to 
each vertex. 

Figure 5{a), for example, has die tex¬ 
ture coordinates (0,0), (63,0), and (63,63) 
mapped to vertices 0,1, and 2, respec¬ 
tively. This basically copies half of the 
texture map to die destination triangle, 
which is what you would expect, In Fig¬ 
ure 5(b), you see the same texture 
mapped onto two triangles which are 
adjacent to each other forming a square. 
In this case, the texture coordinates are 
selected in such a way that half of the 
texture map is mapped to one triangle 
and the rest to the other, hence, a per¬ 
fect texture wrapping around two trian¬ 
gles. Moreover, this is how you would 
make a quadrilateral; that is, with two 
triangles. Now that you have a visual on 
the problem and know’ the labeling from 
Figure 4, lefs implement the algorithm 
mathematically. The variable names used 
in the following analysis are based on 
Figure 4 and the final program so that 
you can follow the program code more 
easily. 

The left edge interpolants are: 

dxdyl = (x2'X0)/(y2^y0) ; 

// X interpolant for left side 

dudyl - (u2-u0)/(y2-y0); 

// u interpolant for left side 



sided polygons, (a) single triangle; (b) 
two triangles making a quadrilateral. 
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dvdyl = Cv2-v0)/Cy2-y0}: 

// V interpolant for left side 

Similarly, the right edge interpolants are; 

dxdyr = (xl-x0)/(y2-y0): 

// X interpolant for right side 
dudyr = (ul-u0}V (y2^y0)j 

// u interpolant for right side 
dvdyr = (vl-v0}/(y2-y0): 

// V interpolant for tight side 

There's a lot of room for optimization. 
For example, (y2-y0) is common and 
need only be computed once. Further¬ 
more, it's better to compute the recipro¬ 
cal of {y2-y0) and then multiply. 

The interpolants must be in reference 
to some starting point. This starting is 
the top-most vertex, vertex 0. Hence, 
you need to start the algorithm off in 
the following manner: 

xl = x0- // starting point for 
left side edge x interpolation 
ul = U0J // starting point for 
left side edge u interpolation 
vl = v0; // starting point for 
left side edge v interpolation 

And for the right side, 

xr = x0; // starting point for 
right side edge x interpolation 
ur - u0; // starting point for 
right aide edge u interpolation 
vr = v0: // starting point for 
right side edge v interpolation 

Now you can interpolate down the left 
and right edges with: 

xl+=dxdyl \ 
ul+=dudyl: 
vl+=dvdyl; 

and 

xr+=dxdyr: 
ur+=dudyr; 
vr+-dvdyr: 

At each point on the left and right 
edge of the triangle, you still need to 
perform one more linear interpolation 
across the scanline. This is the final in¬ 
terpolation and the one that will give 
you the texture coordinates iuhVi), 
which you 11 use as [row^ coiumn] in¬ 
dexes into the texture bitmap to obtain 
the textel. All you need to do is com¬ 
pute the u,v coordinate on the left and 
right side, then use the dx to compute 
a linear interpolation factor for each. 
Here's the math: 


Therefore, the interpolants across each 
scanline in UyV space are: 

du = (ul-ur)/dxT 
dv ^ Cvl-vr)/dx; 

Then with du,dv^ you have eveiything you 
need to interpolate across the scanline at 
vertical position y from xstart to see 
Listing Two. 

Conclusion 

That's It. Of course for the outer loop, you 
would still interpolate xl,ul,d,xr,ur,t^dam\ 
the triangle edges for each scanline of the 
triangle. 

The files tmapper.h and tmapper.cpp 
(available electronically; see “Resource 
Center," page 3) provide a complete im¬ 


plementation of the texture mapper. The 
program assumes a specific input data 
structure and that the texture map is a lin¬ 
ear bitmap 64x64 pixels. Other than that, 
it’s nothing more than an implementation 
of the derivation here, along with ail the 
triangle cases and clipping. In addition, 
the program tmapdemo.cpp (available 
electionically) is a complete DirecOC demo 
of the texture mapper that draws ran¬ 
dom triangles all over the screen in 
640X480X256. Finally, BOX2.EXE is a 3D 
demo written by Jarrod Davis that uses 
the texture mapper. 


DDJ 

(Listings begtn on page 96.) 
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Inside DVD 


More storage, more 
features, same size 

Linden deCarmo 

A lthougli DVDs physically resemble 
CD-ROMs (five inches in diameter 
and 1.2 mm in thickness), DVT^ 
stones between seven and 25 times 
more data. This huge storage capacity 
makes it an ideal distribution vehicle for 
hill-lengtli movies (up to four hours long)^ 
high-quality audio (the contents of up to 
13 CDs can be stored on one dual-layer 
DVD), and similar applications (not to 
mention data storage). DVD has garnered 
support from all major electronics and 
coniputer companies, and many major 
movie and music studios. 

Even though DVD technology is 
promising, technical details abeml it are 
scarce— in pan l>ecause tltose details are 
still being worked out. Currently, speci- 
fications have l:>een agreed upon for DVD- 
Video and DVD-ROM, As Its name sug¬ 
gests, DVD-Video is for video programs 
and is played in DVD players connected 
to TVs. DVD-ROM, on the other hand, 
stotes computer data and is read by DVD- 
ROM drives connected to computers. Vari- 
atioas on DVI^-EOM include those that 
are recordable one time (DVD-R) or many 
times (DVD-RAM). Most computers witli 
DVD-ROM drives can also play DVD- 
Videos. Finally, there’s the DVD-Audio 


Linekn is a sofitjoare engiti^ at Oak Tech¬ 
nology where he is cuTrendy working on 
the Interactive DVD B?Tfti!ser, the first pub¬ 
licly available DirectSbow DVD environ¬ 
ment. You can contact him at lindend® 
ibm.net. 


format, for which technical specs haven’t 
yel been finalized. 

In this article, I’U examine how a DVD- 
Video (or simply DVD) player operates, 
examine the features of a DVD title, and 
investigate the interactive capabilities in 
both computer and con.sumer Dvr> titles, 
(Also included witli this article is a bare- 
bones, comjnand-line DVD player, which 
is avaikible electronically; see Resource 
Center,'’ page 3 ) 

DV1> was conceived by the DVD Fo¬ 
rum, a consortium of companies that in¬ 
cludes Hitachi, ^fVe, Matsushita, Mitsubisiii, 



Philips, Pioneer, Sony, Thomson, Time 
Warner, and Toshiba. Although no one 
^owns" DVD, companies making DVT) 
products must license patented technolo¬ 
gy from a pool of companies. 

One result of this collaboration is the 
multivolume series D\D 1.0Specification 
for Read-Only Disc (ordering instnictions 
are available at http://www.mpeg.oig/ 
MPEG/DVI.>/CeneraI/Order.htm 1). The 
most interesting liook in this series Ls Vol¬ 
ume Three, which focuses on DVD- 
Video ^— a combination of a reference 
player design, optical media format, and 


multimedia daui .structures. Tlie DVI>Video 
specificatic:ni describes tlie required fea¬ 
tures to which a liardware-independent 
virtual machine must adhere. It also defme-s 
the assembly-language opcodes tliat liave 
to l>e interpreted, the smte diagrams the 
player must enforce, die system registers 
that can be manipulated, and the size and 
capabilities of user-accessible memory . 

Ttie DVD-Video Specification 

Tlie DVD-Video virtual madiine contains 
a low-level, assembly-like, instniaion set 
with the usual branch, compare, and set 
operations found in most processors. 
However, the specification also has unique 
opcodes specifically designed for interac¬ 
tive presentations. For example, tliere are 
instructions to monitor parental controls, 
jump to specific locations in a presenta¬ 
tion, and dynamically switch audio and 
video tracks. 

All DVD players have at least 20 sys¬ 
tem parameters (or registers) that can be 
accessed only by privileged opcodes. For 
instance, there are instructions to diange 
the currently playing audio stream and 
update the system register, which moni¬ 
tors the currently playing audio stream 
number. The player also offers l6 gener¬ 
al-purpose parameters that you can mod¬ 
ify without special instructions. 

Every' DVD-Video disc contains a 
mdeo_ts (or video title set) direaory, which 
consists of files with IFO or VOB exten¬ 
sions. VOB files store multimedia data, 
whereas fFO files instmet the player how 
to play the content in VOB files. There 
are two types of IFO files—Video Man¬ 
ager (VMG) and Video Titles Set (VTS). 

DVD Video Manager 

VMG is found in the video_ts,ifo file and 
it is the first file all DVD players read. 
This file Ls similar to a lx)ot sector on a 
floppy disk—^ it supplies the player with 
initialization information and then points 
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(continued from page 64) 
the player to where it can obtain the re¬ 
mainder of die data necessary to contin¬ 
ue playback. 

VMG contains vital information such as 
the name of the disc, number of titles on 
the disc, and optional information such as 
parental controls (parental controls prevents 
little junior from lc5oking at violent or ex¬ 
plicit material). Althougli DVD defines eight 
numerical levels of parental protection, the 
name associated widi each level may dif¬ 
fer between countries (for instance, the 
Canadian rating system differs from the 
United States system). In all cases, higlier 
parental level values always permit more 
content to be viewed (see the accompa¬ 
nying text box 'Tarental Levels"), For in¬ 


stance, Parental Level Seven (“NC-17” in 
the United States) enables you to see more 
movies than Level One CG’“ in the U*S.). 

A VMG may also contain a feature 
known as the '^VMG Menu” (VMGM), 
which gives users an overview of die disc's 
contents and potentially leLs users jump 
to specific points in the title. It is com¬ 
posed of a video stream and an optkmal 
audio stream and a sulipicture stream. To 
avoid bugs in the first generation of play¬ 
ers, most early menus used MPEG-2 still 
images and had minimal interactivity. Be¬ 
cause newer players are more stalile, in¬ 
novative audiors are including full-motion 
video and surround sound in their menus. 

Interactive feu lures in menus (such as 
background audio and video) are dis¬ 


played and controlled by data structures 
called “Program Chains’’ (PGCs)— arrays 
of programs, each of which normally rep¬ 
resents a screen within a menu or chap¬ 
ter in a movie title. Each program con¬ 
tains one or mote cells. Cells let you divide 
menus or chapters into more granular or 
logical subdivisions. 'Tliey last a finite pe¬ 
riod of time, may have command instmc- 
tion (or DVD assembly opcode) associat¬ 
ed with them, and can enforce a delay 
when they complete playback. Although 
few titles take advantage of multiple cells 
per program, the DVD specification en¬ 
ables this feature to support effects such 
as slide shows in which playback must 
pause for a specific period of time after 
displaying a cell (or image). 

Besides programs, PGCs may contain 
up to 256 navigational ajmmands (128 of 
which may lie executed liefore the pro¬ 
grams in the PGC are presented, and 128 
iliereafter), lliese navigational commands 
are used for interactive purposes such as 
modifying the current video angle. 

Every PGC also contains User Opera¬ 
tions (UOPs), which are stored in 32-bit 
fields where each bit (or individual UOP) 
represents die status of a unique interac¬ 
tive function on die player. Because these 
UOPs dictate which features in a PGC are 
legal (or usable), they have been almost 
as controversial as the region codes (see 
the accompanying text box entitled “Re¬ 
gion Management”). To illustmte why this 
feature Ls so contendoas, examine the Fast 
Forv^^ard UOP hit. If this bit is set, the DVD 
player cannot fast for^v^ard for the dura¬ 
tion of that PGC. As a result, tricky con¬ 
tent creators can embed commercials in 
DVD content and users will not be able 
to fast forward past them! 

Attached to the tail of the VMG is the 
First Play PGC (FPGC). Once the DVD 
player is initialized, it searches for this 
PGC and executes die navigational com¬ 
mands inside of it. Most titles contain 
FPGCs that cause the player to display 
the VMGM, although it is possible for the 


Item #1 
Iten#2 

Item #3 

Item #4 


Figure 1: How highlights woi42. The 
DVD player manipulates the color 
and contrast of a rectangle wilbin the 
suhpicture and this causes the area to 
appear highlighted. Here^ the contrast 
for item #2 is emphasized so that it 
appears selected. 


Indelible Blue - 

OutfHtcrt ForThe InforiMdon Frontier 




When setting out on an expedition, adventurers rely on their outfitters to 
provide trustworthy gear and advice. When it comes to outfitting your 
business with computer technology let Indelible Blue be your guide and 
provisioned We carry a wide selection of software and hardware that you 
won't find at big volume shops, offering hard-to-find tools and utilities for 
environments such as Windows NT, OS/Z, Linux, Java and Lotus Notes. 

Hard-to-find tools and utilities • Custoirr software operating system preloads 

IBM and Lotus software specialists • Expert volume license administration 


lAvellOOonPytlui^at! 

-.i; lirfdiblt Blut'i Ptcfflim Intm 

• - Pu rcha se A ny IB M D B 2 U niv e rsa I D ata bas e App li ca ti o n And Get 
$200 Off Pythagoras, Indelible Blue's Premiere Custom- 
Configured System, or $100 Off any IBM Server Series 

800-776-8284 

www.indelible-blue.com 

Special good until August Si, 1998 


66 


Dr. Dobb’sJournal, July 1998 






















^ >Are you an embedded, 
••^programmer who likes 

^ W A __ _J_ ^ ^ ^ m m 


.everything at your 
V Bfingertips? 



I f f 

u I 


£ 5 ^ 





Get Web-ready with the 
ToolSuite! See our MicroWeb 
Server technology for 
embedded systems in action at the 
“World's Smallest Web Server": 
http://smallestDhartap.com 












Phar Lap puts it all within reach 


A Winning Combination for Building Embedded and Realtime Software—Phar Lap’s TNT Embedded ToolSuite® 

Use our RTOS with Microsoft® Visual C++* 5.0 and the Developer Studio® IDE and get a total embedded development tools solution! Edit it. Build it. 
Assemble it. Link it. Cross-debug it. Check on-line help. Do it all from within a single, familiar, time-tested IDE. 

The Only Hard Realtime Kernel that Works with Visual C’*--*- 5.0 

Phar Lap's Embedded StudioExpress" add-in is the bridge between our Realtime ETS" Kernel, Visual C++ and Developer Studio. It lets you use the 
integrated Developer Studio debugger as a cross-debugger with full hardware and kernel awareness. It’s all just an icon click away on the Developer 
Studio toolbar. With support for 32iit x86 hardware, standard networking/Intemet protocols, and Win32® development tools, the Realtime ETS Kernel 
leverages existing technology to enhance your productivity. 

Visual C++ Comes Optimized for Embedded Systems 

Visual C++ has all the right stuff for embedded development: an inline assembler, I/O port access functions, structured exception handling and re-entrant 
ROMable run-time libraries. Its optimizing code generator is second to none when it comes to creating fast, tight code. Phar Lap's support of Visual C++ 
and Developer Studio gives you a total embedded development tools solution that is Simply On Target." 


The Total Solution 



Phar Lap and TNT Embedded ToolSuite are registered trademarks, and ETS and 
Embedded StudioExpress are trademarks of Phar Lap Software, tnc. Other product and 
company names are trademarks or registered trademarks of their respective holders. 


Realtime 

Embedded 

Development 


Phar Lap Software, Inc. 

60 Aberdeen Avenue • Cambridge. MA 02138 
Tel: (617) 661-1510 • Fax: (617) 876-2972 
http;//www.pharlap.com • Email: info@phariap.com 



























(continued from page 66) 

FPGC to bypass tiie menu and jump di¬ 
rectly into a movie scene (rliis is the tech¬ 
nique that movies such as V^e Mask use 
to initiate immediate playback of a title). 

Besides the video_tsufo file, the VMG 
also contains a Video OBject (YOB) file 
named video_ts.vob. VOB files are divid¬ 
ed into packs each of which may contain 
a different media stream (packs are simi¬ 
lar to a chunk in a WAV file). Although a 
pack may contain any dam type, the OVD 
specification has stringent definition for 
video, audio, and subpicture packs. 

Video packs in a VOB file nomially con¬ 
tain MPEG-2 video. Althougli tile MPEG-2 
video formal was defined by a standards 
body, it supports myriads of options that 


make it difficult to cieate a robust dettxler. 
Therefore, to enliance compatibility and re¬ 
liability, DVl^ places tlie restiictions of lim¬ 
ited choice of resduUon ^ind maximum bit- 
rate guidelines on Ml^EG-2 video content. 

For NTSC locales (North America and 
Japan), the MPEG-2 video stream resolu¬ 
tion in DVD must tx- 720x480, 704x480, 
332x480, or 352x240, PAL (or European) 
resolutions must he 720x376, 701x376, 
352x376, or 332x288, Furthermore, what¬ 
ever video resolution and audio com¬ 
pression routines are used, the content 
cannot exceetl a sustained liil-raie greater 
than 10.08 Mbits/sec. 

The designers of D\d4 also delineated 
what audio packs may appear in a DVD 
.stream. Ttie audio types supported in the 


initial DV13 specification include: Pulse 
Code Modulation (PCM), Dolby Digital 
(AC-3), MPEG-2 audio. Digital Theater 
Sound (DTS), and Sony Dynamic Digital 
Sound (SDDS). PCM is commonly used in 
steret) sound tracks and is itiendcal to PCM 
content found in Window,s, UNIX, and 
Macintosh (although DVD supports high¬ 
er PCM resolutions and sampling rates 
tlian these environments). 

If the content contains multichannel 
sound, tlien for all practical purposes, it 
cx>ntains AC-3 picks. To explain, the DVD 
specification states that AC-3 is m an da to- 
p lor mukichannel audio aintent in North 
Americi. By contrast, European (or region 
two) ct in tent initially mandated that MPEG- 
2 audio be the default multichannel au¬ 
dio standard. Recently, the Region Two 
Specification wiis modified to require ei- 
Llier AC-3 or MPEG-2 audio for multi- 
ciianncl conlenL Since every other region 
in tile world retiLiires AC-3, it is likely that 
AC-3 will becotue the dominant format in 
Europe iilso. 

Besides video and audio, VOB files also 
support subpicture packs. In DVD termi¬ 
nology, a subpiclure is a Run Lenglh- 
cojnpre.ssed binimp. Each bitmap has a 
[’jalefte of 16 t okens, four of which can be 
active at once, lip to 32 subpictuie streams 
can exist in a given VOB file (usually one 
stream per language). Unfortunately, sincx: 
the subpicture palette is so limited, it is 
difficult lo create malistic effects with sul> 
picture alone. A,s a result, many vendors 
combine .subpiclure with high-re.solution 
MPEG-2 video. 

The mtxst noticeable use of suhpicture 
is for closed-caption text. Behind the 
.scenes, DVD also uses subpicture in 
menus. When a menu is displayed, the 
DVT) player nuxlifies the color and con¬ 
trast of tlic subpicture for a particular area 
in the menu, ilie iocarion appears to be 
highlighted or selected. As users traverse 
the menu, the suhpicture rectangle is 
changed so thai a selected area moves 
with tliem; see Figure 1. 

Unlike conventional bitmaps, subpic- 
lure data in tfie stream may be attached 
to di.splay instructions (or opcodes) that 
manipulate the image. For instance, there 
are opcodes that cause the subpicture 
bitmap to fade or scroll. However, the 
mast interesting opcode is forcedly start 
display. Users often turn off the deccxling 
of a subpiclure so iliai they don't have to 
view' foreign sul>tides. When the DVD 
player encounters forcedly display op¬ 
code, the subjiicture must always be de¬ 
coded regardless of user preferences (this 
is w'hy suhpictures in menus w^ill always 
lx displayed even if subpicture decoding 
is turned ufO. 

Woven among the subpicture, audio, 
and video are highlight packs. These 
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highlight packs contain user interface el¬ 
ements called buttons. Buttons are rect¬ 
angular areas on the screen that monitor 
user input, and up to 36 buttons can be 
displayed at any single time. Each button 
contains associated highlight data struc¬ 
tures, and these stmctuies infonn the play¬ 
er how to color a button when it is not 
seleaed, when it is selected, and when it 
is chosen (or activated). It also informs 
the player how bng the buttons should 
remain on the screen and which numeri¬ 
cal sequence on the player’s remme con¬ 
trol can select the button. 

DVD Video Title Manager 

Besides die VMG, every DVD Video disc 
contains one or more tides (or movies). 
These titles are stored in logical contain¬ 
ers called “Video Tide Sets” (VTS). Like 
the VMG, there is a strict naming con- 
vendon for files in a VTS. All files in a VTS 
are in the form insjKX^ where xx Is the 
VTS number (up to a maximum of 99) 
and j; is the index within the VTS. 

Each VTS has a unique IFO file, 
vts_xx_y.ifo, and it uses the same data 
stRiclures as the VMGM: PGCs, programs, 
and cells. Unlike VMG data .structures, VTS 
data structures often use the exotic capa¬ 
bilities found in PGCs. For instance, dde 
cells can have up to nine different video 


Parental Levels 


T he initial wave of DVD titles had no 
parental enforcement. The second 
generation of tides (such as Disney 
and Universal) have parental controls, 
but are buggy. For example, Disney con¬ 
tent requires players to be at Parental 
Level Eight (see Examples 1 and 2) be¬ 


fore playback c'an commence, but Lev¬ 
el Eight isn’t even defined for the Unit¬ 
ed States! Hopefully, as die content ma¬ 
tures, parental enforcement will be less 
problemadc. 

—LD. 


Mov 

GPRM0. SPRM13 

: get 

value of system parental register and copy 




into a user register #0 

LT 

GPRM0. 8 

; if 

parental level < Max parental level 




(i.e. 8) 

GOTO Failure 

; then alert user about the failure 


Example 1: Poor parental checks in DVD content. Imteaci of checking for 
the parental level required by the disc, the conteiU forces the parefital level to 
he at least Ijevel Eight before it will run. 


Mov 

GPRM0, 

SPRM13 

get value of system parental register and copy 




into a user register fl0 

LT 

GPRM0. 

#DISC_LEVEL 

if parental level < the required parental level 




on the disc 

GOTO Failure 

then alert user about the failure 


Example 2: Correct parental checks in DVD content. In this case, the 
content verifies that the parental leifel in the player meets the minimum 
requirement for the disc, rather than the arbitrary Level Eight in Example 1. 
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angles (an angle normally is an alternate 
camera angle of the presentation). Users 
can dynamically switch the viewing angle 
and the player will smoothly transition to 
a different location in die VOB file based 
on instructions in die cell 

Title PGC^ can also utilize either sim¬ 
ple or complex parental controls. Simple 
parental controls pre\^cnt a PGC from play¬ 
ing if users have not authorized its pre¬ 
sentation. They will present users with a 
warning message indicating that the pre- 
.sentation cannot continue until users mod¬ 
ify the parental setting for the player. 

More sophisticatecl titles can dynami¬ 
cally select a different PGC depending on 
the current parental level They have blocks 
of PGCs, only one of which will lie dis¬ 
played based on tlie parental setting. For 
example, if the player is set for G-rated 
movies, a nonviolent PGC will lie chosen. 
By contrast, if the player has an R setting, 
an alternate i^GC in the parental bkx:k with 
violent content will be displayed. 

Unlike the VMG, a VTS categorizes 
menus into different topics: chapter, au¬ 
dio, angles, subpicture, and overall title 
control These menus contain the same 
functionality as the VMGM including mo¬ 
tion video, background audio, and inter¬ 
activity via buttons, 

Although interactivity has lieen tlie mast 
hyped feature in DVD menus, they offer 
otlier intriguing opdons. For instance, DVD 
menus can be mukiLingual. To explain, 
w'hen you create a logical menu screen, it 
c’an contiiin multiple vereions of the menu, 
each in a different language. When the 
menu is displayed, the DVl^ player will 


check the current language system and 
pick the appropriate menu system for that 
language, (Consequently, you can ship the 
same disc to different areas of the world, 
and the DVD players in each region will 
use the appropriate menu for that language. 

Besides internationalization, DVD menus 
also suppon the same parental locking 
features found in title PcCCs, You can use 
these parental controls to display com¬ 
pletely different menus depending on the 
current parental rating system. For exam¬ 
ple, if the player’s parental setting only 
permits G-rated movies, then the parental 
bbek would not show the default PG-13- 
rated menu, but instead show a special G- 
raied version that does not give viewers 
access to die chapters in the movie with 
seasidve content. 

(Many early DVD developers wanted 
their titles Lo play on both Windows 95 
and dedicated DTO Video machines. Be¬ 
cause their programs used the Media Con¬ 
trol Interface [which only uses VOB files 
and ignores the IFO required by DVD- 
Video], they had to create IFO files for 
DVD-Video compatibilit)^ Unfortunately, 
they failed to follow the naming conven¬ 
tions for these files and were bitterly dis¬ 
appointed wlien they discovered foat the 
content was unusable for DVD Video.) 

Ihe DVD specification also defines the 
minimum set of interactive functions (or 
operations) a player must provide to the 
user. Since these capabihiies are found in 
Annex J of the specification, they are of¬ 
ten referred to as Annex J functions.” 
Tliese commands can be divided into the 
following categories: user interaaion via 


Region Management 


M any users have manually modi¬ 
fied their DVD player to ignore 
region management. This process 
is usually accomplished by setting all 
the bits Cor enabling all regions) in tlie 
player’s internal region register. This 
hack initially allowed players to play 
content from any region of the world. 
However, content creators have em¬ 
bedded instructions in the DVD discs 
to validate that the region code of the 
player is legitimate. If the content de¬ 
tects cliat the player has an invalid re¬ 


gion code, it will refuse to play the 
movie (see Example 3). 

VMG is also foe source of a contro¬ 
versial field — region control To explain, 
tlie DVD specification places artificial lim¬ 
itations on where the disc may be played. 
If the region code for the pkiyer does not 
match foe region code in the content, 
then the D\13 specification will not lei 
tlie player present foe disc—even foough 
the player can decode the content. 

— LD. 


Mov GPRH0, SPRM20 
NE GPEM0* 1 
GOTO Failure 


get the region code of the player 
If region code is not exactly ONE 
then either thie ia the wrong player or 
the uaer hacked it. 


Example 3: Region code checks in content. This sample imiftes that the DVD 
player nmning the content can play Region One— and only Region One — 
content by ensuring that only one bit in the region control register is set. If 
multiple regiom are enabled, H fiiib 
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buttons, stream controls, random access 
to presentations, and menu manipulation. 

The specification offers commands to 
navigate through buttons {UpperButton- 
SelecK), LoiverButtonSelectO, LeftButton- 
Select(X and RightButtonSel^tO). Once 
you’ve decided on a button, you can use 
ButtonSelectC) or ButtonActivate() to 
make a selection. 

While a title is playing, you can change 
the viewing angle via the AnglejChange() 
method. AudioJStreamjChangeO and 
SuhpictureJStreamjChangeO let you 
change audio and subpicture streams (or 
languages). If you’re in a still condition 
(such as a pause between slides in a slide 
show), StillJ0ff() causes normal playback 
to resume. 

There are a number of methods that en¬ 
able random access to content. If you wish 
to search through the title, you can search 
via time (XimeJSearch() or Time_Play()), 
by chapter {Cbapter_Play() and Chap- 
terJSearchO), or by title iTitle_Play()). 

The MenuCalK) function lets you dis¬ 
play a menu. It has one parameter that 
dictates which typ>e of menu is displayed 
(Chapter, Audio, Subpicture, or Title). 
There are also methods to select Sub¬ 
picture or Audio streams iSubpicture^ 
Stream jCbange() and Audio_Stream_ 
Cbange(X respectively), modify parental 


settings (.Parental_Level_Select(X), and 
change angles (AnglejCbange()). 

Although Annex J defines the minimum 
set of interactive functions a DVD player 
must provide, it is legal, and in some cas¬ 
es, necessary to provide additional func¬ 
tionality for a specific platform. For in¬ 
stance, Microsoft’s DirectShow for Win32 
(a standard interface and the software 
drivers required for writing Windows-based 
DVD applications; see httpy/wwwjnicrnsoft. 
com/directx/) provides enhancements that 
are specific to the computer environment 
and not addressed in the specification (see 
Listings One and Two; listings begin on 
page 96). It provides methods to process 
mouse input, finer control of the presen¬ 
tation, and support for asynchronous DVD 
events. Listing Two illustrates how you pro¬ 
cess DVD-related DirectShow events. 

Conclusion 

Unlike VHS, DVD is not simply a linear 
medium. It was designed to unite com¬ 
puter and consumer electronics users by 
offering high-quality video, multichannel 
audio, interactive functions, and a format 
that can adapt to future technologies. Fur¬ 
thermore, the DVD specification is hard¬ 
ware independent, so your content can 
run on a wide variety of devices. Once 
you begin to develop with DVD, you’ll 


never again want to return to today’s space 
constrained, postage-stamp-size multi- 
media world. 


For More Information 

Robert’s DVD Info: 
htip://ww'w.unik.no/~robeit/ 
hifi/dvd/ 

Kilroy’s DVD FAQs: 
http://\\'ww.CD- info.com/CDICy 
Technology/D VD./dvd- faq. html 

Chad Fogg’s Technical Notes: 
http://www.mpeg.org/~tristan/ 
MPEG/DVD/ 

DVD-Video Production Guidebook: 
htip://www.nbdig.com/htmI/ 
dvdmain.htm 

Quantel Digital Fad Book: 
http://www.quantel .com/dfb/ 

Sonic DVD Primer: 
http://www.sonic.com/html/ 
dvd/PDF/primer.pdf 


DDJ 

(Listings begin on page 96.) 
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The keyboard interface 
as a power supply and 
communications link 

Derrick B. Forte 
and Hoi T. Nguyen 

A lthougli the IBM ATs keyboard port 
is the primary means of user input, 
you can also use it as the power 
supply and communications link for 
small low-power computer peripherals. In 
this two-part article, we present a system 
model around wliich such peripherals can 
be designed. The application we present 
is a Caller ID peripheral device based oo 
the Motorola MC68HC(7X)5P9 microcon¬ 
troller. This device is capable of receiving 
Caller ID transmissions and displaying the 
received data on an AT-compatible com¬ 
puter. Last month, we focused on the 
Caller ID protocol and hardware design 
issues. This month, we complete our dis¬ 
cussion of the hardware and zero in on 
the software. 

The authors are engineers at Motorola, 
and can be contacted at r20367% 
email, sps. m ot. co m , 


The Coller ID Data-Acquisition Block 

Tile Caller ID data-acquisition blcx’k per¬ 
forms two functions within the applica¬ 
tion’s system design; 

• Provides an electrical interface to the 
telephone line. 

• Demodulates and validates the Caller ID 
analog signal and converts it to a digi¬ 
tal bit stream. 



Though many Caller ID designs imple¬ 
ment these functions witli discrete analog 
circuitry, we selected a more integrated 
solution for diis application—Motorola’s 
MCI45447 Calling Line Identification Re¬ 


ceiver witli King r>eteaor. 'Ihis device pro¬ 
vides the needed interface to the tele¬ 
phone line, demodulating the BFSK asyn¬ 
chronous data signal, and outputting a 
digital stream. The design of this block 
was largely taken from the application 
note section of the technical data sheet 
for the MC145447, Hie device also has 
a number of signal validation and pow¬ 
er saving features tliat are useful for 
Caller ID designs for which low power- 
consumption IS an issue. Since this appli¬ 
cation is powered by the host computer’s 
keylioard interface, it does not use any of 
the ]VIC145447 *s power saving modes. 

'fhe MC14S447's interface to the tele¬ 
phone line's twisted pair can be divided 
into two types of signals: Caller ID data 
acquisition signals and ring detection and 
validation signals. The ring detection and 
vadelation signals serve to detect the pres¬ 
ence of a valid ring signal on the twist¬ 
ed pair and participate in bringing the 
device out of power-down mode. Tliere 
are four signals that comprise the ring 
detection and validation portion of the 
interface. Three of the signals—Ring De¬ 
tea IN 1 CRDIl), Ring Detea IN 2 (RDI2), 
and /Ring Time (/RT)— are inputs. There 
is also one output—/Ring Detect Out 
C/RDO)—which is asserted when a valid 
power ring is deteaed on the telephone 
line twisted pair. The /RT pin works in 
conjunction with the RDIl pin to gener¬ 
ate internal signals that are pari of the 
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Conventional OS Architecture 
The nmolitiiic OS on Joe's machine dumps all 
OS components into a single address space. One 
subtle programming error in just one driver, and 
whoompl, Joe has to rdioot - again. 
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Figure 1: Keyboard Caller ID hoard schematics. 
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device's power-up circuitry. To conserve 
power, the MC145447’s power-up cir¬ 
cuitry applies power to different sections 
of the device as they are needed. 

In the power-up sequence, the /RT 
and RDIl signals are used to activate 
power to the Ring Analysis seaion of the 
device. This section determines whether 
a valid ring signal is present on tlie twist¬ 
ed pair. As the schematics in Figure 1 
shows, the voltage at tlie RDll pin is pro¬ 
vided by resistor RIO, which is part of a 
voltage divider circuit comprised of re¬ 
sistors RIO, Rll, and R12. (More complete 
schematics are available electronically in 
.EPS format; see ‘^Resource Center," page 
3 ) The resiuStor network divides an AC 
coupled, rectified version of the voltage 
present between the tip and ring sides of 
the twisted pair into voltages that are 
sampled by the RDll and RD2 pins. The 
value of RIO is chosen such that if a volt¬ 
age of 40Vrms or more is present on the 
twisted pair, which indicates that a pow¬ 
er ring might be taking place, tlie RDll 
pin and its associated circuitry will turn 
power on to the Ring Analysis circuitry. 
The /RT is connected to a RC combina¬ 
tion that holds the pin km during the low 
periods of a power ring. The RD12 pin 
serves as die only input to the Ring Anal¬ 
ysis section. The signal at this pm is pro¬ 
vided by resistor R12 of die divider net¬ 
work, Tlie duty cycle of this signal is used 
to validate the presence of a power ring. 
In the event that a power ring is detect¬ 
ed, the Ring Analysis circuit asserts the 
/EDO pin. 

The data-acquisition signals on the 
MC145447 consists of a Tip input (TI) 
and Ring input (HI) pin. The TI is AC 
coupled to the tip side of the telephone 
line's twisted pair through capacitor C7. 
Tlie RI signal is AC coupled to the Ring 
side of the twisted pair through capaci¬ 
tor C8. The signal that Ls presented to 
these two pins is demodulated and con¬ 
verted into the digital stream that is out¬ 
put by the device. 

In our application, the MCl45447's in¬ 
terface with the system's microcontroller 
consists of three pins—the Data Oui 
Cooked (DOC) pin, the /Ring Detect Out 
(/RDO) pin, and the /Power Up 
(/PWRUP) pin. The MC145447 outputs 
a digital stream on two pins, which are 
the Daui Out Cooked (DOC) pin and the 
Data Out Raw (DOR) pin. 

Tlie DOR pin outputs the entire data 
stream demodulated by the device start¬ 
ing witli the Channel Seizure and Mark 
Signals and ending with the checksum 
byte at the end of a transmission. The 
DOC pin, on the other hand, outputs 
data after a transmission passes an in¬ 
ternal data validation process and does 
not output the Channel Seizure and Mark 


Signals. Data is captured by the 
MC68HC(7)05P9 by connecting DOC to 
pin PC3 on the MC68HC(7>05P9, which 
is configured as an input. 

The /EDO pin is conneaed to pin PC2 
of the MCU, which is configured as an 
input. As stated earlier, the /RDO pin is 
asserted when a valid power ring is de¬ 
tected on tlie twisted pair. The assertion 
of die /RDO pin, along with the start of 
the transmission of data within 0.5-1.5 
seconds after the deassertion of /RDO, 
is used by die MC68HC(7)05P9 to qual¬ 
ify the start of a data stream from the 
MC145447. 

The MCI 45447 lias a requirement that 
its /l^WRUP pin be at a Logic 1 for a min¬ 
imum of lOgS after VDD reaches its full 


value. Typically, this requirement is met 
by delaying the assertion of /PWRUP with 
a RC circuit. To eliminate the need for 
these two components, the /PWRUP pin 
is connected to the MC68HC(7)05P9's 
PC3 pin, which is configured as an out¬ 
put. This pin asserts /PWRUP after an ap¬ 
propriate delay. 

The Keyboard- 
Interface Block 

The main function of the keyboard- 
interface block is to transmit Caller ID data 
captured from the MC145447 to an AT- 
compadble hast computer through its key¬ 
board interface. Fins PAO and PAl of the 
MC68HC(7)05P9 serve as the applicadon's 
keyboard interface's data signal. PAO is 
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configured as an output and is used to 
transmit data to the keyboard interface. 
PAl works in conjunction witli PAO and is 
configured as an input. This arrangement 
satisfies the AT keyboard interface re¬ 
quirement that the keyboard interface data 
Ikie be a bidirectional signal that is capa¬ 
ble of both transmitting and recx^nving data 
to/from the host. Pins PA2 and PA3 func- 
tion in a way that is similar to the PAO-PAl 
pin pair. PA2 is configured as an output 
and generates the clock signal required for 
both keyboard-to-liast and Ixist-tokeylxjaid 
data transfers, and PA3 is confimied as an 
input that reads the level on the clock line. 
Though the clcx:k signal never functions 
as an input as does tJie data line, die AT 
keyboard interface proloccjl requires that 
its level l^e monitored in the event that die 
host wishes to transmit data to the key¬ 
board, Since PAO and PA2 are not open- 
collector outputs, they c’annot be directly 
connected to die data and clock signals of 
the keyboard and keyboard interface. 
Therefore, a 7407 open-col lector buffer 
serves as the interface lietween tfie MCU’s 
keyboard interface signals and those of 
keylmard and the keyboard interface. 

The design of the keyboard interface 
does not allow the keyboard to be con¬ 
nected to the interface while another de¬ 


vice is transmitting to it. Therefore, the 
Caller ID device must disconnect the key- 
Ixjard's clock and data signals from those 
of the keyboard interface whenever it 
transmits to the host. Port A pin PAS is 
configured as an output and serv'es a,s the 
control signal for the 4066 analog switch¬ 
es that connect or disconnect the key- 
Ixiard’s signals lo those of the intei face. 
The number of tasks that a host comput¬ 
er’s CPU may need to perlbrm may pre¬ 
vent it from prcK'essing a scan code at the 
time tliat it is received at the keyboard in¬ 
terface. To prevent user keystrokes from 
being lost, die keyboard-interface proto¬ 
col provides for a busy signal that the hexst 
sends to the keyboard to prevent it from 
sending scan ccxles until die htxst c^^in pro¬ 
cess them. Tile host signals the keyboard 
that it is busy by holding the clack line 
low until it can accept new scan codes, 
Wliile die host Is busy, die keylxxird stores 
the scan codes for new keystrokes in its 
internal buffer. To prevent the loss of :\ny 
keystrokes that may be generated while 
the Caller ID device is transmitting to the 
hexst, the MC6HHCC7)03P9 pulls i!ie ck>ck 
signal low after it disconnects the key- 
board's signals from the interface. Port A 
pin t^A5 is configured as a output and per¬ 
forms this functitm. 



Figure 2: Keyboard Caller ID detnee firmware fiowchad. 


Keyboord Caller ID Device 
So^are-Design Overview 

The software design of this application 
is divided into two parts—the firmw'are 
that resides on the MC68HC(7)05P9 and 
CALLERID.EXE. The firmware’s main 
function is to c'apture the raw digital data 
stream genenited by the MC145447 and 
transmit it to the host computer for fur¬ 
ther processing (source code for the 
firmware is available electronically; see 
’’Resource Center,” page 3)- Data is trans¬ 
mitted to the host in the form of key- 
board scan codes lliai are sent through 
the host's keylxxird interface. The host 
receives the scan codes and interprets 
them as keystnikes. The sequence of sim¬ 
ulated keystrokes is read by CAL¬ 
LERID.EXE, which parses and converts 
the siring liack into binary data from 
which it extracts Caller ID information. 
CALLERID.EXE (source code for CAL¬ 
LERID.EXE i.s availal iie electranicaUy) then 
fomiaLs and displays the data in a pop¬ 
up dialog box. Iliis division of function¬ 
ality between the Caller ID device and 
the host computer allows for the greater 
portion of processing to be offloaded to 
tlie iKJSt cc>mputer where a larger amount 
of resotirces are available. Tills reduces 
the functionality of the Caller ID device 
thus alkrwing its design to be imple- 
iixnted with a smaller and cheaper micro- 
cc ml roller. 

Keyboard Caller ID 
Device Firmware Design 

As Figure 2 illustrates, the Caller ID de¬ 
vice’s firmware follow.s tliis progi^am flow: 

1. On re.set, die general I/O pins on the 
MC(>HIIC(7)P9 are ctmfigured and ini¬ 
tialized to implement the Caller ID de¬ 
vice’s liardwarc design. 

2. The firmware wails in a kxjp for the 
asserticm the MC145447’s /RDO sig¬ 
nal til at is monitored on the MC- 
68HC(7)05P9's PC2 I/O pin. The as- 
.sertinn of this signal indicates that a 
power ring has l^een detected on the 
twisted pair. 

3. If ihe MC68HC{7)05P9 detects that the 
MCi45447's /RDO pin is deasserted 
and a start bit on the DOC pin, the 
conditions are met for the MC- 
6HHC(7)03P9 to begin monitoring for 
a transmission. 

4. The MC145447 transmits die CALLER 
ID data to the MC68HC(7)05P9 in the 
fonn of a raw digital stream on its DOC 
pin, Tlie iVICU reads the ckita from its 
PCO [lin. 

5. On receiving the data from the 
MC145447, the MC6HHC(7)05P9 parses 
the stream into individual bytes and 
cl locks the data for a parity error. If a 
parity error has been detected, it is 
flagged by a global variable, otherwise 
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(continued from page 76) 
the data is converted into an array of 
AT keyboard scan codes for transniis- 
sion to the host computer. 

6 . Tlie application transmits a <CONTROL 
L> keystroke sequence as a series of 
scan codes. This interrupts the appli¬ 
cation that currently has the Focus in 
Windows 95, activates CALLERID EXE, 
and gives it the focus. 

7. If a parity error was not detected during 
the reception of the CALLER ID data, tlie 
scan code array tliat represents the re¬ 
ceived data is transmitted to the host 
computer, otlterwise an error ade is sent. 

8 . The firmware returns to monitoring the 
twisted pair for a new Caller ID tranS’ 
mission. 


The Firmware's functions can be divid¬ 
ed into three types of routines; 

• Device initialization routines. 

• Caller ID data-acquisition routines. 

■ Keyboard interface routines. 

The device initialization routines config¬ 
ure and initialize the MC68HC(7)05P9's VO 
pins to implement the application's hard¬ 
ware blocks. As iToitioned earlier, Port A 
I/O pias PA0-PA5 are configured to im¬ 
plement the keybcKind interlace block, while 
three Port C pins, PCO, PCG, and PC3, serve 
as the MC68HC{7)05P9’s interface to the 
MC145447. All remaining general-purpose 
I/'O pins are configured as outputs to elim¬ 
inate the need for puU- up resistois on diem. 
The data acqui.sition routines of the 


firmware consists of the sampling and time 
delay routines that capture data from the 
MC14544TS DOC line. The MC68Ha7)05P9 
.samples the data stream at its PC3 pin and 
parses it into individuai bytes. The faa that 
each piece of Caller ID data begins with a 
start bit and ends with a stop bit, makes it 
easy to delineate between individual bytes. 
Tile lime delay functions used for data ac¬ 
quisition routines are not only used to sam¬ 
ple tlie bits witliin a byte but must also al¬ 
low for die inier-chamaer delays that the 
Interface allows. 

The keyboard-interface finnware main¬ 
ly consists of a transmission routine and 
its accompanying time delay functions. 
The keyboard interface’s transmit function 
has within it a c.:ail to a routine that is ca¬ 
pable of receiving host computer com¬ 
mands. If die host computer detects an 
error in die data dial was sent to it by the 
keyboard, die host will hold the data low 
after bad transmission. The host will then 
send a Resend command (OxFE) to the 
keylxiard requesting a retransmission of 
die data. Therefore, the Caller ID device 
must have a receive routine in the event 
that an error occurs. 

For this application, the number of re¬ 
transmission attempts was arbitrarily set 
at 1. Tlierefore, if an error occurs when 
the device sends a b>te to the host, the 
device will capmne die hasfs resend com¬ 
mand and attempt a retransmission of die 
data. If die retransmission fails, the device 
wUJ reconnea the keyboard's clock and 
data signals to those of the host and re¬ 
turn to monitoring die telephone line. To 
transmit data to the host, the transmission 
routine toggles PAO, which is the data out¬ 
put signal, and the PA2 pin, which is die 
clock output signal, in accordance with 
the timing specifications for keyboard-to- 
computer ciata transfers. The host com¬ 
mand reception routine reads the data 
from the PAl pin and toggles the clock 
signal in accordance witli the timing spec- 
ificatioas for computer-to-keyboard data 
transfers. 

CALLERID.EXi Design 

CALLERID.EXE’s design is divided into 
two parts — CALLERID.EXE (the exe¬ 
cutable program) and CALLDLL.DLL (die 
DLL containing the global hook func¬ 
tion). Both modules were compiled with 
Microsoft Visual C++ Version 2.0. CALL- 
DLL, DLL's code consists of a function to 
install the keyboard hook funaion and 
the hook function itself. In the code’s 
call to the Windows API's SetWindows- 
HookEx function, the idbook parameter 
is set to WH_KEYBOARD, which is a 
predefined value that configures the 
hook function to handle keyboard 
events. This code is placed in a DLL be¬ 
cause Windows 95 requires that global 
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hook functions reside in a DLL. The 
keyboard-hook function in this 
application must be global in scope so 
that CALLERED.EXE can be invoked re¬ 
gardless of what application may cur¬ 
rently have the focus in Windows 95. The 
only limitation with CALLERID.EXE is that 
it will not be invoked if the current win¬ 
dow with the focus is a DOS window. 

The main function of the executable is 
to receive the Caller ID data from the 
Caller ID device, format it, and display it 
in a dialog box on the PC’s monitor. As 
Figure 3 illustrates, the program flow of 
the executable is as follows: 

1 . CALLERiD.EXE is invoked immediate¬ 
ly after Windows 95 boots up. The main 
window of the CALLERID appUcation 
is initialized to come up in the hidden 
state. This causes CALLERID,EXE to be¬ 
gin executing in the background of 
Windows 95. 

2. CALLERID.EXE accesses CAJJLERID.DLL 
and installs the keyboard hook function 
into the Windows 95 stream. The hook 
function now examines each keystroke 
that is entered by the user for the CON¬ 
TROL L> hotkey sequence. 

3. On detecting a CONTROL L> key 
combination, the keyboard hook func¬ 
tion calls the Windows API FindWin- 
dowf ), function to locate the applica¬ 
tion's hidden main window. The 
Windows ShowWindotvf) function is 
then caUed to activate CALLERID. EXE's 
main window and give it the focus in 
Windows 95. 

4. CALLERID,EXE displays a pop-up dia¬ 
log box on the monitor displaying the 
text: “Receiving Data,..". 

5. The application waits for a keystroke 
from the Caller ED device. 

6 . If CALLERID.EXE receives a charac¬ 
ter from the Caller ID device, the device 
has deteaed a parity error in the Caller 
ID data received from the telephone line. 
The CALLERID.EXE will then display 
“Line Error” in the dialog box: O^er- 
wise, it acquires the fuB stream of Caller 
ID data from the device. 

7. C-string manipulation functions are 
used to parse the string into the two 
character s^ments that represent each 
byte of Caller ID data. C string conver¬ 
sion functions are then used to convert 
each ASCII segment into the original bi¬ 
nary data that was captured on the 
Caller ID device, 

8 . CALLER1D,EXE formats the binary data 
so that it can be displayed in the di¬ 
alog box. CALLERID.EXE will format 
data according to whether the Caller 
ID data received is in the SOME or 
MDMF format. 

9. The Oilier ID infotmadon is displayed 
in the dialog box. The dialog box re¬ 


mains displayed until users press one 
of the box*s OK or Deactivate buttons, 
10,The dialog box is hidden again if the user 
presses the OK button. CALLERID.EXE 
then returns to waiting for a hot key 
sequence. If the Deactivate button is 
pressed, CALLER.EXE will be deaai- 
vated and will no longer function un¬ 
til Windows 95 is reset. 

KeyjMKird Caller ID 
Device Operating Instructions 

To use the Keyboard Caller ID system 
weVe presented here: 

1. Copy CALLERID,EXE to the hard drive 
and directory of your choice. A sug¬ 
gested path might be: C:\CALLER1D\. 


2. Copy CALLDLL,DLL to the C:\WIN- 
DOWS\SYSTEM\ directory. 

3. Add CALLERID.EXE to the Windows 95 
Start Menu. 

4. Disconnect the keyboard’s connector 
from the host computer’s keyboard 
port. 

5. Connect the Keyboard Caller ID de¬ 
vice to the host computer's keyboard 
interface, 

6 . Connect the keyboard's connector to 
the receptacle for it on the Keyboard 
Caller ID device. 

7. Connect the telephone line to one of 
the R-Jll connectors on the Keyboard 
Caller ID device, 

8 . Connect a telephone extension line be¬ 
tween the Keyboard Caller ID’s second 
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Figure JL' CALLERID.EXE program flowchart. 

R-Jll connector and your telephone. This c’orapletes the hard¬ 
ware installation of the Keyboard Caller ID device. 

9. Shut down and restart Windows 95* 

10. Caller ID should now activate. Caller ID will display a dialog 
lx>x with Caller ID infomiation every time a valid transmis¬ 
sion is received. To deactivate the program, press tlie Deac¬ 
tivate button in the dialog box. 
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Application Development Tools 
"We initially coded algorithms in 
Matlab and then converted the 
Matub source to C or C-h-. To our 
surprise, the Matub code wos 
faster in nearly all cases." 

Jack Staub 
Hughes Aircraft 
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Interactive GUI Design 
"In one doy, I wrote 875 lines of 
Matub which equates to 5,000 
lines of C code. I had a functioning 
GUI in one doy. You can't do that 
with C." 

Kathleen Splaine 
Risk International 



Anolysis ond Visualization 
"Anything from simple onalysis to 
complex modeling and simulotion 
can be done In o fraction of the 
time it would take to write your 
own code." 

Gregory E. Chamitoff, Ph.D. 

NASA, Johnson Spoce Center 


We wrote exactly 
698,794 lines of C 
code so that you 
don’t have to. 


More than 400,000 engineers and scientists use Matlab 
to accelerate their technical programming. Here’s why. 


Faster programming 
Today s most productive technical 
professionals have one thing in 
common - they use Matlab instead 
of C or C-h-i-. Because, unlike a 
general purpose language, 

MatIj\b is a complete, 
integrated analysis, visual¬ 
ization, modeling, and devel¬ 
opment environment specifically 
designed for technical computing. 
So development goes much faster 
and code is dramatically shorter. 

More numerical power built in 
At the heart of Matlab is an easy to 
learn technical computing language 
with more than 500 fimctions built 
in. The Matiab language includes 
flow control, multidimensional 


arrays, user-defined structures, 
ASCII and binary external data file 
access, and much more. And you’ll 
save even more time with Matlab 
Toolboxes, collections of highly 
optimized, discipline- 
specific functions written 
by world-class experts. 
You can even link in C, 
C++, and Fortran routines. 

Less time coding means more 
time to think 

Put simply, use Matlab and it will 
take you far less time to develop 
finely tuned applications with 
revealing graphics, custom GUIs, 
and compact maintainable code. 
Now just imagine what you can do 
with the time you save. 


^AATLABj 

(OMPIIER 


See how Matlab 5 can help you work faster. Visit our 
Web site for demos, examples, and updating information. 


The 

MATH 

WORKS 

4 ^1nc^ ^>=> 



Matlab* 

www.mathworks.ioiii/dd|iii 
call 508-647-7000 
t-mail info@niothworks.com 


Tlw MtfhWorb. Ik. 24 Prime Pork Way, Holid, MA 01760 Fox 508 - 647-7001 
I mplc y wmnt opportunilits: l<l|iy/www. H iB A w orkv coii>/mK^ 

Om MflthWorh is r^xesMlwl to Ibt (olkwtog countries: Auitrolo: ♦ 61-2-9922-6311 • BomIux: f 31(0)182-53-7644 • Bnitil: f 55-11-816-3144 
CzMh RopubBc: 42 (0)2-68-44-174 • FroKt: 33-141-14-67-14 • (Romany/Aoitrin: 1 49-241-470750 • India: f 91-80^5-549338 
Isroel: ♦ 972-3-561-5151 • Italy: f 39-11-24040-00 • JofOK 4 81-3-5978-5410 • Kotmc > 82-2-556-1257 • Now Ztotond: 4 64-7-839-9102 
Nordk CmMtrlts: ^ 464-15-30-22 • Poland: ♦ 48-126 17 3348 • Si^opon/MdaysiK ♦ 654424222 • Sooth Afrko: > 27-11-3254238 
Spoto/Portnial: ^ 34(9)341549-04 • Snritztrhmi: ^ 41-31-954-2020 • Toiwon: 886-2-5054525 • UiHid Ktogdon/lrtloid: 4 44-1223423-200 

e 1998 by Die MothWoila, Ik. M rights reserved. MAIIAB is a registend tniitomork ol The AothWorks, ItK. Other product or brand names are trodemoris or registered 
rradOTotlQ of thtor ffspective hoidets. 





















































INTERNET PROGRAMMING 


Rendering 
XML Documents 
Using XSL 


Keeping content 
and format separate 

Sean McGrath 

C entral to line extensible Markup Lan¬ 
guage (XML) philosophy is tliat the 
structure and content of information 
should be captured without concern 
for hovv^ the infomiation will be rendered 
on a computer display, paper, voice syn¬ 
thesis, and others, Responsibility for ren¬ 
dering XML has been delegated to a sis¬ 
ter standard known as extensible Style 
Language (XSL). (For more information 
on XML, see my article "XML Program¬ 
ming in Python/ DDf Febaiary’ 19980 
Like XML, XSL is a World Wide Web 
Consortium ( W3C) initiative. In August of 
1997^ a draft propasal for XSL was made 
available as a discussion document by the 
W3C (http:,//www^w^3.org/^R/NOTE-XSL 


Sean, chief technical officer and cofounder 
of Digitome Electronic PtMisbing (http:// 
unvw.digitome.com/) is a member of the 
World Wide Web Consortitim’s XML Spe¬ 
cial Interest Group. He is also the author 
o/ParseMe.lsi: SGML for Software Devel¬ 
opers (Prentice-Hall, 1997) and XML By 
Example; Building E-commerce Applica¬ 
tions (Prentice-Hall, 1998). Sean can be 
reached at sean®digitome,mm. 


•html). Although, tlie working draft for 
XSL is just that a number of XSL appli¬ 
cations have already appeared. In partic¬ 
ular, Microsoft has released MSX5L, a 
'lechnology preview" implementation that 
is freely available at hLtp://www.mb 
crosoft.conv'xml/. In this article, I will pre¬ 
sent an overv'iew' of XSL and illustrate how 
it can be used with MSXSL. 



The XSl Philosophy 

As Figure 1 illustrates, the XSL philoso¬ 
phy can be summed up a.s iate binding 
of presentation semantics.” In simple En¬ 
glish, die idea is that information about 
how' a document should look when ren¬ 
dered (presentation semantics) is sepa¬ 
rated from the document content and 
housed in a stylesheet. The process of 
creating a rendition of the content hap¬ 


pens late — preferably right at the point 
that someone wants to view it (hence, 
late binding), 

This late binding approach has some 
significant benefits: 

• The look and feel of a document (or 
thousands of documents) can easily 
be changed simply by changing the 
stylesheet. 

• Multiple renditions of the same content 
can be created from a single source. 
These renditions can include different 
output notations such as RTF, HTML, or 
Postscript. They can involve rearrange¬ 
ments of the content, creating multiple 
views of the infonnation. 

• The information content is Tuture 
proofed.” Creating a new^ rendition to a 
new^ notation (or a notation yet to be 
invented), is a matter of applying the 
necessary stylesheet. 

• Keeping the content free of rendering 
information makes it easier to process 
the content. That is, searching, harvest¬ 
ing, or rearranging the content can be 
performed without w^ony ing about how 
the formatting information is intermin¬ 
gled with the content. 

There are a number of core concepts 
that are central to XSL, including: 

Flow Objects, In XSL, the process of 
transforming an XML document into a 
notation such as RTF, HTML, or 
Postscript, is expressed in terms of the 
construction of flow^ objects, which are 
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pages, columns, paragraphs, table cells, 
and so on, 

Platfbrm-Iniiepeiident Flow Objects. 

XSL specifies a set of standard flow ob¬ 
jects sucli as paragraph, page sequence, 
ta!:>!e, and tlie like. Using tliese platform- 
independent flow objects lets you create 
multiple output notations with a single XSL 
stylesheet. The type of notations that can 
be aeated is limited only by the l:)ack-end 
notations .supported by tlie XSL processor. 
Strong candidates for XSL back ends in¬ 
clude RTF, PranieMaker MIF, and TeX. 

Hl'ML-Specific Flow Objects. To fa¬ 
cilitate the use cjf XSL stylesheets to gen- 
enite HTML, XSL pffjvicles a set of HTML' 
specific flow objects. Given the vast 
amount of FTT ML-aware software in exis¬ 
tence, it makes sense to use this software, 
while simultaneously retaining the ad¬ 
vantages of XML over 1ITML ^ls a data i^:p“ 
resentation. 

Construction Rules. Fl( )w-ol>ject con¬ 
struction in XSL is contrcjlled by rules in 
the XSL stylesheet. 'I’hese rules specify 
wiiat flow' objects are tn he created and 
wdiat they should contain. Plow objects 
can be thought of as containers fr>r doc¬ 
ument content and/or other !low' tyhjects 
creating a tree-like hierarchy know'n as a 
‘‘flow-object tiee,” Flow-object eonstiiic- 
tion rules take die form of a pattern and 
aclion. The pattern part specifies the con¬ 
ditions under which the nile triggers, Tlie 
action part specifies what llovv oi>jccts to 
consirua, 

(Characteristics. Flow' olijects can have 
associated characteristics that differ de¬ 
pending on the type of flow object be¬ 
ing constructed. A paragraph Ilow' ol^jeet, 
for example, might liave margin and tab 
chaniaeristics, A table cell might have 
lx)rder and spanning characteristics. The 
characteristics to be applied to flow' ob¬ 
jects can he controlled in the XSL style- 
sheet by means of style rules. Style rules 
take the same general form as construc¬ 
tion Riles, and consist of pattern and ac¬ 
tion components. 

Scripting, No stylesheet langttage that 
provides a fixed set of renclering capabili¬ 
ties can prxivide all tlie j^yrocessing |X)vver 
needed. Tliere a>iTies a point w here a “'Fur- 
ing Complete" programming language is 
the l5e5t way la gel the job done. The XSL 
draft specifics ECMAScript (a standardized 
version of JavaScript—ECMA 262) as a 
built-in scripting language, A number of 
mechanisms are provided in XSL for es¬ 
caping to ECMAScript to perform calcula¬ 
tions, define functions, and so on. 

Introducing MSXSL 

MSXSL is Microsoft’s technology preview 
implementation of the XSL dj aft specifi¬ 
cation. Don’t confuse it with MSXML, 
w'hich is Microsofts implementation of an 


XML parser. Indeed, MSXSL uses MSKML 
to parse and load XSL stylesheets, 

MSXSL focuses on creating HTML from 
XML and, for tlie time lieing, only sup¬ 
ports HTML OoW' objects. The simplest 
way to use MSXSL is via the provided 
command-line utility that takes the input 
XML file (-i), input stylesheet file C-s), and 
output H PML file (-o). For example, the 
command -i/oo,xml -s JbojKsl -o 

fooJjtm processes tlie foo,xml file with re- 
,spect to die foo.xsl stylesheet specification, 
then generates the fco.htm output file. 


MSXSL is 
Microsoft's 
technology preview 
implementation of 
the XSL draft 
specification 


To illustrate how to use XvSL and 
MSXSL, ril return to the XML document 
(see Figure 2) presented in my Fehaiary 
199B articie. 

Sample #1; Gating Started 

Listing One(a) (listings begin on page 97) 
creates a simfile sty lesheet to convert the 
XML document in Figure 2 to HI’ML. Some 
things to note about this stylesheet: 

• It is an XML document and uses a set 
of element types— xsl, ntle, root, and 
so on—defined by the XSL language. 
Tlie tags for these elemerns appear in 
low'ercase. 

• It signifies die creation of HTML flow' 
objects by using HTML tags—BODY^ 
TITLE, and so on. These tags appear in 
uppercjise. 

• It consists of a single flow-object con¬ 
struction rule. The pattern liiat triggers 
the rule is the root element f <TOor/>). 


• Ihe children element (<cbMreri/>) tells 
the XSL processor that all die children 
of the element that triggered the con¬ 
struction rule should lie processed, and 
the results of processing these elements 
should be inserted into the output flow- 
object tree. 

Listing One(b) is the result of proces.s- 
ing tlie XML document with this style- 
sheet. While it’s hajdly the world’s most 
exciting HTML file, there are some im¬ 
portant things to note: 

• Al] the data conieni of die XML docu- 
mc'nt (the content of the Maker md Col¬ 
or elements) has found its way into the 
output document. The default in XSL 
diat die content of elements diat do not 
trigger consmiction rules simply flows 
over to die outpist document at the point 
wliere it is encountered. 

• T]ie attribute values {Price, Units, and 
Type) do not appt^ar in the output doc¬ 
ument, Thi.s is also the result of the de¬ 
fault behavior of XSL, 

Sample #2: Rudimentary Formatting 

Listing Two(a) adds a few more con¬ 
struction rules to create slightly more 
plea.sing HTML output, while Listing 
Two(b) presents the result of processing 
llie XML document with this stylesheet. 
Things to note about diis styiesheet and 
the resultant HTML include: 

• Tlie pattern parr of the llw-object con- 
.siruction rules use the target-element 
elenient, which can be used in a vari¬ 
ety of ways to specify context-sensitive 
Riles, tiere, I used the simplest form in 
vvhich the target-element is an empty 
element (denoted by the slash in 
<target-elemen(/>), 

• The same construction rule can be 
triggered for multiple element type.s 
by specifying multiple empty target- 
element elements, Fve used dus to cause 
the same nile to trigger on Condition 
and Cb/or elements. The paragraph gen¬ 
erated for the Condition element is 
empty liecause attribute values are not, 
by default, included in the output doc¬ 
ument. 

• The stylesheet is an XML document and, 
tlius, must be well-formed XML. Tliis is 
w'hy the HR flow^ object uses XML syn¬ 
tax to indicate it is an empty element 


O.msxsl -’i -s cfs4.xsl -o Gffi4.htm 

Ei:ror in style sheet 'cfs4,xsl^ 
FarseException: Expecting najue instead of ' I ’ 
Location: mei7//C:/D0BBS/c£s4.xfll (9,17) 

Co nteXt: < xs1> < tuleX HTML > <B0Dy> <TABLE > 


Example I: MSXSl parsing erroi: 
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Sample #3: Accessing Attribute Values 

The Car elements in Figure 2 have at¬ 
tributes for price and currency informa¬ 
tion. These can be accessed in XSL by 
escaping to the ECMAScript scripting lan¬ 
guage, XSL provides an eiml element tliat 
can be used to house script code. In List¬ 
ing Three(a), the rule is modified to let 
Car elements access the attribute infor¬ 
mation. Listing Tliree<b) is tiie HTML from 
this modified stylesheet. 

The CDATA section in the eval ele¬ 
ment is an XML construct that shields 
text from the attentions of the XML pars¬ 
er. The CDATA section begins with the 
“<![CDATA[” string and ends at the ‘'ll" 
string. It is a good idea to use CDATA sec¬ 
tions to shield script code, since charac¬ 


ters such as and can have spe¬ 
cial meanings to an XML parser. 

Sample #4: Creating a Table 

Listing Fourfa) is a stylesheet creating a 
simple HTML table layout of ‘'car for 
sale" information. Listing Four(b) is the 
result of applying tliis stylesheet to the 
XML file. 

• All attifbute values for the HTML flow 
objects must be quoted to make the 
st>^Iesheet well-formed XML. The cor¬ 
rect way to specify a table witli a bor¬ 
der is <TABLE BORDER="rf>. The syn¬ 
tax <TABLE BORDER=l>, which is 
HTML valid, generates a parsing error 
in MSXSL; see Example 1. 


• The first cell in each table row contains 
the relative number of the Car —1, 2, 
and so on. This number is automatical¬ 
ly generated by tlie childNamberf ) func¬ 
tion. The l:)uili-in XSL functions for au¬ 
tomatic numbering are useful in aeating 
stylesheets. 

FigLue 3 shews what the generated HTML 
file looks like in Internet Explorer 4.0. 

Sample #5; Rearranging Content 

Witf'i XSL, it is pcj&sible to exert ccjotrol over 
tlie order in wliich elements in tlie source 
docun^t are processed. Tliis allows doc¬ 
ument content to be selected and rear¬ 
ranged prior to creating the output. In List¬ 
ing Five(a), a table of car maker names is 
created; Listing Five(b) shows the result of 
applying tliis stylesheet to the XML file. 

Only the Maker element data has ap¬ 
peared in the output. This is because the 
select-eletnent element indicates that only 
the Maker children of Car elements are 
processed. By default, the select-element 
element looks at the children of the cur¬ 
rent element to find matches. It is also 
possible to arrange for select-elemmt to 



Figure 1: Ihe XSL phUosophy, 


C>type cars.xml 
<?xml version = 

<CarsForSa!e> 

<Car Price = "10000" Units = “Dollars^ 
<Makec>Toyota</JVlaker> 

<Condition Typ ^ ''Good7> 
<Golor>Recl<teok)r> 

</Gar> 

<Car Price = "20000" Units = "Irish Punts"> 
<Makei>Fond<dMak 0 r> 

<Gondit[on Type = "Good'7> 

■ <Co1or>White</ColoT> 

</Car> 

</CarsForSaje> 


Figure 2: Typical XML document, 



Figure Typical generated HTML file 

vieu^d ming Internet Explorer 4.0. 



HASP - The Professional 
Software Protection System’* 

■ Rated in industr)^ tests 

■ Unequalled security 

■ Unparalleled flcxibiiiiy 

■ Genuine ease-of-use and 
transparency 

■ Supported under Windows 
95,98 and NT, Mac, OS/2, NEC, 

UNIX, and lANs 

■ ISO 9002 tjuality and reliability 

■ New - USBHaspI 

HASP Protects Mere 



Protects 

Your 

Software 


Your software is your baby -- and you 
want to look after it. You created it. 
you developed it, you saw it right 
through to the moment it was ready 
for market. Now protect it. 50% of 
business sofware is stolen; $11 billion 
of developers' income is lost to piriityJ^ 
Ts your software a smtistic? 

All over the world, more developers 
are protecting against pirac^v 'fheyTe 
protecting more products, on more 
piatformSt with more security - and 
selling more as a result. And more of 
these developers are protecting with 
HASP 

To see why 25»000 developers 
worldwide protect with Aladdin, 

; call and order your HASP 
Developer’s Kit now! 
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search all descendants by specifying tlie 
value ''Descemiants*^ to &ieoptlom{ from 
attribute: <seiect-elements from - 
scen£iants">. The <chiidren/> element 
used in previous examples is shorthand 
for <seiect-elemerHsfrom = ”Children^^> 

Sample #6: Scripting 

As a final example, the stylesheet in List¬ 
ing Six(a) uses ECMAScript to present all 
prices in Irish Punts in the generated 
HTML; Listing Six(b). llie define-script 
element is used to create global variables 
and functions, and the et>al element is 
used to invoke functions and access glob¬ 
al variables- 

XSL and CSS 

Altliough Cascading Style Sheets (CSS) can 
be used to render documents, XSL 
provides many more capabilities than CSS. 
With CSS, the document structure is es¬ 
sentially fixed and is simply mapped onto 
the available flow objects. With XSL, the 
document structure can rearranged and 
can be processed multiple times. For ex¬ 
ample, with XSL is it possible to perform 
a traversal to generate a table of contents, 
then perform a second traversal to render 
the content proper. Also, XSL is pro¬ 
grammable via ECMAScript, thus provid¬ 
ing a Turing Complete environment in 
which to create rendering effects. 

(On the other hand, CSS is simple and 
familiar to many HTML users, and work 
is underway at Hewlett-Packard to create 
an extended implementation of CSS, 
known as *‘Spice/ which makes up for 
some of these deficlenciesj 

XSL and DSSSL 

KSL draws heavily on the concepts used 
in the Document Style and Semantics 
Specification Language ISO 10179 (DSSSL) 
Standard for SGML rendering. The DSSSL 
Standard uses a programming language 
based on Scheme as its expression lan¬ 
guage. Many of the DSSSL designers liave 
been instrumental in the design of XSL, 
and work is underway to make the XML- 
based expression language of XSL for¬ 
mally a part of the DSSSL international 
Standard. Henry Thompson of the Uni¬ 
versity of Edinburgh has developed the 
XSLJ conversion utility that converts XSL 
specifications into DSSSL specifications. 
These can then be used with implemen¬ 
tations of the DSSSL Standaid such as Jade 
(http://WWW'. jclark. com/). 

Conclusion 

XSL is an impe^rtanr part of tlie overall vi¬ 
sion of XML. The core XML effort has 
three separate strands—XML itself, XML 
rendering (XSL), and XML hypertext link¬ 
ing (XLL). The speed with which compa¬ 
nies such as Microsoft have moved to im- 


For More Information 

XSL Draft Specification: http://wTvw.w3.ofg/TK/NOTE-XSL.html 

Microsoffs MSXSL XSL Processor 

Technology Preview: hap://wwwMnicrosoft.coni/xml/ 

XSL Discussion List and Archive: http://www.mul!>etTytech.com/xsl/xsl-list/ 

XSL-J (XSL to DSSSL Conversion Utility): http://www.Itg.ed.ac,uk/-'ht/xsij.htnil 
Jade DSSSL Engine: http://www.jclark.com/ 

DSSSL Discussion List ai^d Archive: littp://www.mul]:)enytechxxjni/dsssl/dssslisi/' 

plement XSL lias come as something of a web browsers, which should process anc 
surprise to many. Even in its current ba- render XML directly, 
sic state, MSXSL is capable of real work 

and provides a glimpse of the capabilities DDJ 

you can expect in the next generation of (Listing begin on page 97.) 
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PROGRAMMER'S TOOLCHEST 



Examining the Dragon 
Speech-Recognition System 

Speech enabling your Windows apps 
Al Willioms 


R ememiier die movie 2(XJJ: A Space 
Odyssey? One of the most memo¬ 
rable characters in that movie was, 
of course, ‘"Hal” the computer. Like 
most movie computers (the exception be¬ 
ing Llie Macintosii m Star Trek IV), Hal 
was smart and spoke with humans, Weil, 
it isn't quite 2(J01, but it's getting pretty 
darned close, and still, real computers 
don’t speak and understand as well as 
their movie counterparts. However, recent 
developments have brought a plethora 
of voice-recognition ttxjls for Windows, 
Though these tools are mainly for dictat¬ 
ing into word processors, as a developer 
you can certainly tliink of otiier applica¬ 
tions, Wouldn't it he nice to piggyback 
your program on an existing voice recog¬ 
nition system? You can, rising tcxilkils such 
as L^ragon Systems’ DragonXTouls. 

DragoriXTools visual controls make it 
possible for you to speech-enable Win¬ 
dows applications wiili up to 60,000-word 
dictation using Visual Basic, Visual C++, 
and other development tools diat support 
VBX/OeX controls or C-callable libraries. 
Users then use DragonDictate for Win¬ 
dows to enter text, data, and ctimmands 
into Windows apps simply by speaking. 
You can distribute the DragonXTools cus¬ 
tom controls royalty free, However, you'll 
need run-time licenses to distribute Drag¬ 
onDictate for Windows. 

In this article, I’ll show how to use 
DragonXTools custom controls to add 
speech recognition to programs. In do¬ 
ing so, I’il use Visual Basic 5 to write a 
voice-activated autodialer (available elec¬ 
tronically; .see “Resource Center,” page 3). 
Since the controls are ActiveX controls, 


Al’s most recenl hook is MFC Black Book 
(Coriolis, 1997)^ He can he contacied at 
bttp://wwiLKal- williams, com/. 


liowever, you can use most any language 
with them. 

How Does it Work? 

Even if you dt? not take special action, 
DragonDiemte still works with your pny 
gram, although it may not work w^ell, de¬ 
pending on ht)w your program is writ¬ 
ten. When DragonDictate secs your 
program running, it scans your menu 
items and control captions. Since Drag¬ 
onDictate generates its own speech mod¬ 
els, it can respond to users speaking your 
menu items and control captions. Of 
course, some captions work better than 
others. Sometimes DragonDictate can’t 
determine an appropriate speech mod¬ 
el. Also, if you use custom controls For 
graphical buttons, DragonDictaie can't 
decide what that means. 

DnigonDictate operates in either com¬ 
mand or dictate mode. Lfsually, Ifragon- 
Dictate is in command mtxie, which lets 
you speak menu commands, or key 
names. In command mode, you can op¬ 
erate the computer without using a 
mouse or a keybostrd. However, entering 
text in command mode is a chore. You’d 
have to spe:ik each letter individually. In¬ 
stead, when you want to enter text you 
say “dictate mode.” Now, DragonDictate 
interprets user .speech as words until you 
say the command “command mode.” 
{One problem is that users must re¬ 
member to enter dictation mode. A 
speech-aware program might handle this 
automatical lyj 

In short, it isn't .strictly necessary to al¬ 
ter your programs in any way to make 
them work with DragonDictate. However, 
with DragoriXTools, you can get signifi¬ 
cant benefits. For example, you can set 
your own pronunciations for words that 
DragonDictate might misinterpret (or 


graphics that DragonDictate can't read at 
all). You c;m also respond to words with 
your own actions, use DragonDictate’s 
macro language, and share the sound sys¬ 
tem with DragonDictate (many sound 
cards can only listen nr talk at one time). 

The DragonXTool Toolkit 

DragonCTcxils includes a control that lets 
you recognize speech and interact witli the 
i)ragon engine, and another that converts 
plain text intt j speech, Tltis works atout as 
you expect; the speech sounds computer- 
geneiated, whidi is not always pleasing. 

Using the components isn’t clifRcult and 
the manual provides examples to help you 
get started. The examples are for V'B, but 
the manual includes advice on Fiow^ to Lise 
the components in C++, Delphi, and Java 
as well. 

Dragon separates words it will recog- 
n\7.e into vcKabularies and groups. It scans 
different vocabularies depending on die 
current situation. Tlie Dragon speech con¬ 
trol lets you manage vocabularies and 
groups. You can create new words, and 
control wliich groups Dragon examines 
for speech recognition. 

Like all ActiveX controls, the Dragon 
control has properties, methods, and 
events. I'able 1 is a list of tlie members 
used in the VB program I present here. 
Many functions that you’ll need to use re¬ 
quire you to access Dragon’s sciipting lan¬ 
guage (via the Script properryO^ 

Using the controls is straightforward 
once you get the hang of it. You first have 
to make sure DragonDictate is running. 
If it isn’t, you can start it before your pro¬ 
gram proceeds using something like Ex¬ 
ample 1. Once DragonDictate is running, 
you have to attach your speech control 
to the speech recognition engine. You can 
do this with the Attach property. Then 
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The Graph Layout Toolkit’s powerful component technology gives 
you the tools to visualize complex relational information. With 
sophisticated layout technology, the positions of objects and their 
connections in diagrams, networks and schemata are automatically 
calculated in seconds. The Graph Layout Toolkit’s unparalleled 
techniques are a result of Tom Sawyer Software’s pioneering 
development of graph layout components. 

Hundreds oftailorable features are encompassed in the Graph 
Layout Toolkit’s four layout libraries: Circular, Hierarchical, 
Orthogonal and Symmetric. These libraries provide the visual 
enhancement required to make your application more effective. 


Automates the positioning of complex data eliminating manual 
layout. 

Scales automatically to support an unlimited number of nodes 
allowing complete access to complex diagrams. 

Graph editing operations such as cut, copy, and paste provide 
smooth manipulation of graph components. 

Automatic edge label placement allows immediate interpretation 
of the drawings. 

Ability to expand and collapse sub-drawings provides easy 
navigation. 






























(conHmied from page 86) 
you are ready to begin crtraling your own 
vocabularies. You can set the currently 
active vocabulary and group using the 
Vocahulary and Gnmp properties. Wlien 
Dragon recognises any of the words in 
your control’s group, it sends an event 
so that you can act on die word. 


Problems 

Althougli tlie tCKis are generally easy to ase, 
I did find a tilings I wish had been dif¬ 
ferent. First, 1 >agonl>iaiite doesnt w^ork well 
under Window^s hTF Ihe Dragon web site 
(httpy/www,dragonsystems.coni/) has a 
FAQ alxDut this. You c'an use Dragon and 
die tools under NT, but the behavior is 


quii’ky. Occasionally, you’U be thrc?s^n into 
another window, for example. Worse, dur¬ 
ing development, the system frequently 
crashes and hangs VB. Tills seemed to liave 
sometliing to do with lireakpoints, so I don’t 
expect it w^ould be a problem in the 
shipped program, but it sure made wanting 
software a chore. 

Another thing J thought odd is the way 
Dragon handles sleeping. If you are like 
me, you can’t really leave your micro¬ 
phone on all the lime for DragonDictate 
to listen, 'lliere are phones ringing, dogs 
barking, and all manner of otlier noises 
in my office. Suppose you are dictating 
text into a program and tlie phone rings. 
You can say ''go to sleep,” w'hich puts 
Dragon in a dormant state. It still listens, 
but it doesn’t do anything until you say 
‘\vake up." However, DragonDictate still 
notifies you when it recognizes any of 
your w^oids. Tiat means you have to know 
if Dragon is asleep or not. How^ever, you 
can’t iisk Dragon if it is asleep, ft’ you want 
lo handle tills problem, you have to de¬ 
fine your own '^go to sleep” and "wake 
up” commands and do die work youcselF 
'llien you’ll still get the events for other 
word.s, hut your program will know it 
should Lx: asleep. The Dragon manual has 
examples of several ways to tlo this. 

The Design 

[Ve always thought the voice-activated 
autodialers on some high-end telephones 
are a great idea. You just speak a name 
into the phone and it dials away. (And 
!x:forc you ask, yes, you can get a head¬ 
set that works with Dragon and your 
plione.) For tile firsi cut, I tried to make 
the program understand the name J was 
saying and 1 figured 1 would store the 
phone n LI mixers in a flat file or database. 

As I got die speech part working, I re¬ 
alized I really didn’t need a database, since 
I could store the phone number and name 
along widi tile speech model. Of course, 
you don’t want to have lo say the name 
and the number to dial on the phone, 
right? That defeats the whole purpose. 
However, Dragon lets you specify alter¬ 
nate pronunciations for words, as fll show 
you in a bit. Since users liave tlieir own 
vocabulary, that means individual users 
also have a private phone book. 

Figure 1 shows a completed dialer ap¬ 
plication. You don’t need any special code 
or controls to handle die tJiree buttons— 
Dragon takes care of them automatically. 
But you do need some special work to 
make die phone automatically dial when 
you speak a name. 

When you say "add” or click the Add 
button, die program brings up a simple 
fonn that lets you make a new entry. The 
form has two fields, Name and Number^ 
diat you can jump to by simply saying die 


Name 

Type 

Description 

DDWinShutDown 

Event 

DragonDictate Shut Down. 

MicChanged 

Event 

Microphone turned on/off. 

UserChanged 

Event 

User changed. 

Speech R ecog n ized 

Event 

Dragon recognized a word in the contrors 
current group. 

Speech ActionCompJete 

Event 

Dragon completed all actions for a 

recognized word (in any active group), 

Speech Rejected 

Event 

Dragon couldn’t recognize a word or 
phrase. 

Version 

Property 

Version number. 

Attach 

Property 

Sets to True to attach to the Dragon engine. 

EventsEnabled 

Property 

Lets you control the delivery of events to 
your application. 

Group 

Property 

Set current group. 

Vocabufary 

Properly 

Sets current vocabulary. 

GroupCaption 

Property 

Sets text in vofe© bar. 

GroupRrst 

Property 

Gets first group as a prelude to iterating 
through the groups in a vocabutary. 

GroupNext 

Property 

Continues iterating through the groups 
(see GroupFirst). 

WordFirst 

Property 

Gets first word in a group as a prelude to 
iterating through the words In a group. 

WordNext 

Property 

Continues iterating through words. 

IgnorelnDictation 

Property 

Set to True if you want the Dragon engine 
to ignore your active words while in 
dictate mode. 

Microphone 

Property 

Lets you turn the microphone on, or 
disable it (which frees it and the 
associated sound system for other 
tasks). 

Repetitions 

Property 

Sets default number of training iterations 
used for training. 

Script 

Property 

Setting this property causes the Dragon 
engine to execute commands in its 
script language. 

TrainGroup 

Property 

Lets you train an entire group; aithough 
DragonDictate doesn't strictly require 
training, it can improve accuracy. 

WordSelection 

Property 

Sets which words in a group get training in 
response to a TrainGroup command. 

Train Word 

Property 

Lets you train a single word (see 

TrainGroup). 

Voicebarheight 

Property 

Sets the height of the voice bar (the pop 
up window that DragonDictate uses lo 
interact with users). 

VoicebarLeft 

Property 

Left side of the voice bar. 

VotcebarTop 

Property 

Location of the top of the voice bar. 

VoicebarWidth 

Property 

Width of voice bar. 

AddGroup 

Method 

Adds a new group. 

DeSeteGroup 

Method 

Deletes a group. 

FindGroup 

Method 

Determines if a group exlsts. 

Add Vocabulary 

Method 

Adds a new vocabulary. 

DeleteVocabulary 

Method 

Deletes a vocabulary. 

Find Vocabulary 

Method 

Determines if a vocabulary exists. 

AddWord 

Method 

Adds a new word and associates a macro 
with it. 

DeleteWord 

Method 

Deletes a word. 

FindWord 

Method 

Determines if a word exists. 

Listen 

Method 

Temporarily adds a group to the list of 
active groups. 

GetLast Erro r Cod e 

Method 

Returns last error code. 

Is DD Win Running 

Method 

Returns True if DragonDictate is running. 

StartDDWin 

Method 

Start DragonDictate. 

CloseDDWin 

Method 

Shuts down DragonDictate. 


Table t: DDSpeech control memhen. 
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If Not IsDDWinRuniLingO Then " Dragon not running 
If Not StartDDiJinO Then ' Didii‘t start up either 
MsgBox ■‘Can't start DragonDictate" 

End If 
End If 


Example 1: Starting up DragonDictate. 


appropriate word. Also, when the Name 
field has the focus, the program auto¬ 
matically places Dragon in dictation mode. 
It is impressive how many common names 
Dragon correctly interprets. 

Saying "number” (or clicking the but¬ 
ton with that name) brings up an input 
box. From here you can just say numl>ers 
aloud to dial them. Say “okay'' when you 
are done, or "oincer to abort. Dialing the 
phone is easy with an MSCOMM ActiveX 
control. The dialer assumes you have a 
Hayes-compatible modem on COMl Cal- 
tliough that’s easy to change). 

Implemenhition 

The trick to this program Ls setting up word 
recognition. Wlicn you add a new name, 
tlie program constructs a string to "teach" 
Dragon, Tlie string consists of the name, a 
tab character, and the phone numlxn Hcrw- 
ever, this would be awkt\^anJ to pronounce, 
so the program also adds a square brack- 
tt, die name abne, and closing bracket. By 
placing alternate text in brackets, you are 
telling Dragon that the text between the 
brackets is the correct pronunciation for 
the preceding word. Tlie program then 
feeds this string to the AddWord metltcxJ 
of die sjieech control If Dragon can’t de¬ 
duce a speech model for the word, Add- 
Word returns False and the program lets 
the user train the word in question. listing 
One (listing begins on page 98) includes 
this bgic (see the Add^Click subroutine). 

Interestingly, the listbox holds names in 
die .same fomiat (but no pronunciation in 
square brackets). This makes it easy to cre¬ 
ate a single Dial routine that handles a string 
from the voice rec’pgnition or listbox. It also 
makes it easy to reconsirutl the listbox fiom 
the vocabulary data on startup (see the 
subroutine in listing One). 

The DDSpeecbl_Speechliecognized rou¬ 
tine handles die voice dialing. The only rea¬ 
son diere is more than one line of code in 
this routine Is that 1 \\anted to change the 
listbox selecdon to reflect the dialed num- 
IxM. Visual feedback is important when you 
are dealing with voice command, because 
voice is not 100 percent accurate. Wlien ytxj 
delete a name, for example, die program Is 
carehil to prompt you liefore taking action. 
It miglit be a good idea to add a siniikr safe¬ 
guard to the dialing routine, too. 

The form used to add names is avail¬ 
able online. There, you Ciin find the code 
that sets Dragon's mode when each text 



Figure 1: The mice dialer application. 

box receives the focus. This allows users 
to dictate names without having to ex¬ 
plicitly set die dictation mode. 

Other Possibilities 

Once you have the ability to work widi 
voice commands and diaation, tliere are 
many other ways you can make your ap¬ 
plication more voice friendly. For exam¬ 
ple, by using the SetHomeGroup script 
command, you could restria the phone- 
number fields to accept only words that 
make sense for phone numbers. You can 
also use DgnTlS control to convert words 
back to voice (although for simple uses, 
you might be better off just playing pre¬ 
recorded wave files). 

Although DragorPClbols has some prob¬ 
lems (poor NT compatibility and difficult 
to manage sleep mode), it is exciting to 
watch a pio^am respond to spoken words. 
Probably the biggest disadvantage is that 
users liave to already have one of die 1 drag¬ 
on products that provide the actual speech 
processing. Of course, if you are building 
a dedicated system, or you are willing to 
license the product from Dragon, this may 
not lx; a problem. Just try to resist the uige 
to speak into your mouse. 


For More Information 

Dragon Systems Inc. 

320 Nevada Street 
Newton, MA 02160 
617-965-5200 

http://www,dnigonsystems,com/ 
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(Listing begins on page 98.J 


Need a 
Modern 
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ToolP? 



Visual Parsef-r is the only tool that brines 
cutting edge parsing technology to fll 
developer's. You can design any parser 
without ever leaving our sophisticated 
visual development environment. 
Whether yoirre new to parsing 
technology, or an experienced veteran. 
Visual Parse++ is the right tool foryou. 


Visual Parsc+-t- provides native pro¬ 
gramming support for C, C++, Java, 
visual Bask, and Delphi Our C++ and 
Java classes are fully supported on all 
platforms. Visual Parse ++ also comes 
with drop-in parsers for HTML, SQL, 
R t’F, Java-. C, C++, and more. 


New to version 3.0 is natural language 
parsing. Visual Parse++ is easily the 
most powerful parsing engine in the 
world with generalized parsing 
capability. Visual Parse++ now can 
handle any grammar, including 
ambiguous grammars. This opens up the 
area of natural language parsing, 
among other applications. Also included 
is a brand new user interface, with many 
new features and improvements, along 
with 3D parse tree and machine views. 


Java I C++1 Delphi | ActiveX | VB 


Order a copv today! 

Call 8004188-9023 
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Sandstone Technology 
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Dr Dohh'sJournal^ July 1998 


89 























































PtOGtAMMEII'S TOOKHEST 



JDBC Drivers and Web Security 

Security and success go hand-in-hand 


Mukul Sood 


T he Java Daialxise Conneaivity (JI3BC) 
specification Is an interface for 
database programming. At present, 
tliere are at least two dozen com¬ 
mercially available JDBC implemcnLaiions. 
As I described in “Examining JCBC 
Drivers" January 1998)^ driv¬ 
er vendors have considerable freedom in 
their implementations of the JDBC speci¬ 
fication. Still to be JDBC compliant, JDBC 
drivers must support tlie ANSI SQL 2 En^ 
try Level sLindard, pass JavaSoft confor¬ 
mance tests, and fall into one of four cat¬ 
egories as defined by JavaSoft 

• Type I, JDBC/ODBC Bridge. 

• Type 11, Native-Al^i, Partly Java Driver 
• 'I'ype 111, Net-Protocol All Java Driver. 

• 'I’ype IV, Native-Protocol All Java Driver. 

I won’t detail the differences l:fetween 
tliese four categories, referring you instead 
to my January 1998 article. In tills article* 
ril focus on the security' features offered 
by various driver vendors, and describe 
how tliey fit in with die various applica¬ 
tion deploymeiiL archiLeclures. 

Java, Security, and the Web 

Altliough security is not officially part of 
the fl^BC specification, it is nonetJieless 
critieal for many database applications de¬ 
ployed on the Web. The success of on¬ 
line trading, shopping marts, and sensi¬ 
tive retail transfer information (credit cards, 
bank accounts, social-security numbers, 
and the like) over an Inherently insecure 
medium (the Internet) depends on reli¬ 
able security. Consequently, JDBC driver 
vendors are beginning to offer security 
features such as encryption and authenti¬ 
cation, which can be used by applications 
to deliver secure and reliable services. 


Mukul is a system architect at Digital 
Focus. He can be contacted at mukuls@ 
digitaifocus.com. 


Applications can be deployed (>n the 

web in various configurations. 

• Client liehind a firewall. Firewall seairi- 
ty is an integral part of security infra¬ 
structure at many organ i/aiions. HiLs es¬ 
pecially holds true if the organization 
allows Internet access. Typically, oiga- 
nizadons put a firewall between the pri¬ 
vate trusted network and the pulilic fn- 
ternet. In this case, access would he 
allowal only to certain prouxeJs (HTTP) 
and at a specific port. T hus a client be¬ 
hind a firewall would able to con¬ 
nect dirough the firewall, if it uses iliese 
alkwed prottx:ols. Figure 1 shows diis 
configuration. If the jDBC client spcalcs 
a certain prolex:ol it woLild l)e able to 
connect to the w'el>server host only if 
it supports tunneling of that proicKxd 
through HTTP packets, assuming the 
firewall on die client allows H'fFP traf¬ 
fic to get through; Sybase's jConnecI, for 
example, uses Tabular Data Stieam for¬ 
mat (TDS). (For more on Java and se¬ 
cure tunneling, see “Java Q&A,” by Ken¬ 
neth Golomb and Tliomas Sorgie, DDJ, 
June 1998.) The other possibility would 
be for the client-side firew'all to allow 
the protocol (TDS, SqlNet, and so on) 
to get through. 

• Client outside of a firew^aU. Another com¬ 
monly used configuration; the dicTil ac¬ 
cesses the Internet without going 
through a lirewaU. In this case, die client 
can use vendor-specific protocols to 
connea to the server host. Tlie .server 
could be running on the same host as 
die web server that served the applet or 
it could be on a different host. The serv¬ 
er could be a gateway server (in case 
of Type rv drivers) or a JDBC server (in 
case of Type TIT drivers). Tlie ^11 ^BC serv¬ 
er could be .set up on a host different 
ft om die web server, in which case it 
would be necessary to run a proxy .serv¬ 
er on die web-server host. This proxy 


would piLss diixxigli JDBC client requests 
to the JDBC server and response from 
the server to the client; see Figure 2. 

* Client in an intranet. A private trusted 
network would have no firewalls in¬ 
stalled. Examples would lie department- 
or company-wide intranets that are 
sealed off from public networks (such 
as Internet). In this configuration, the 
client would connect to tlie web-server 
host, wliich also ains the gateway serv¬ 
er for Tyj>e IV drivers, the proxy serv¬ 
er for Ty[ie III drivers, or runs die JDBC 
server for Type III drivers. 

T he role of a giiteway for a Type IV 
driver is differcTit from that for a Type 
III driver. A gateway for a Type fV driv¬ 
er is actually a connection server that 
manages database connections. In case 
of a Type 111 driver, the giiteway is ba- 
sically a proxy for die actual connection 
server A Type IV driver can only con¬ 
nect to the w^eb seiver from which it 
was downloaded so it can open a 
database connection to the web-server 
host. Consequently, the database serv¬ 
er would need to he installed on the 
.san^ host as die web server. The gate¬ 
way gets aniund this limitation by tak¬ 
ing tlie role of a connection server. 

These are some common deployment 
configurations. Many configurations are 
possible, given existing infrastrucure, ap¬ 
plication requirements, IT standards em¬ 
ployed liy the organization, and other 
factors. 

The Secure Sockets Loyer Protocol 

Encryption and authentication are intt^ral 
parts of security, and tlie Secure Sockets 
Layer (SSL) protocol supports l3odi of these 
features. SSL is die dominant protocol for 
encrypting general communications be¬ 
tween browsers and servers. It is built into 
Ixjlh die Netscape jmd MicTosoft browsers. 
TTie SSL protocol operates at the TCP/IP 
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These extremely robust controls allow you to display up to 
two billion list items, display single records or items on 
multiple rows, merge cell text for easier viewing, search for 
specific list items, or sort list items using unlimited keys. 
Together, these features make List Pro the Ultimate Data Viewer. 
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GENERAL FEATURES 


Include up to 2 billion list items in your control • Select single or 
multiple list items • Display data in single or multiple columns 
• Use Rea<10n!y mode to create a powerful database viewer that 
allow^s you to scroll quickly through data using the arrow keys or the 
mouse • Develop for the Internet or Intranet w'ith digitally-signed 
ActiveX controls • Use the Property Designer to easily act^s die features 
of the list box or combo box at design-time (VBX and ActiveX only) 


CUSTOM APPEARANCE 


Insert bitmaps or icons into any column or row • Assign foreground 
and background colors to any cell, row, column, header, or group 

• Customize column headers • Customize the application of 3-D 
effects for almost all parts of the control • Display a drop shadow 
on the control at all times or only when the control receives focus 

• Display flat or 3-D lines between columns, rows, or both 

• Change the orientation of text (horizontal, vertical LTR, 
vertical RTL, rotate down, rotate up, or invert) 


LIST Box/Combo Box 

Select, deselect, or delete rows • Insert or 
delete columns and groups • Allow the user 
to drag and drop single columns or groups of 
columns • Hide entire columns or lock 
columns from being resized at run time 

• Choose from three combo box styles 

• Assi^ different pictures to the selected and 
unselected states 

HEADER Grouping 

Create multiple levels of column or group 
headers • Define any number of columns 
or groups as children of other groups 

• Allow a single record or a group of 
data to span across multiple rows 

• Merge column cells that contain 
identical text for easier data viewing 



>ATA BINDING 


Use the Virtual Data Manager in bound or unbound 
mode to display large data files quickly • Use Visual 
Basic to bind separate data controls to the combo 
box's drop-down list and edit portion # Control 
which data fields are bound to individual columns 
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(contintiedJwm page 90) 
traaspoit layer, one lev^el \i^kiw application- 
specific protocols such as NNTP (news), 
KITP (web), and SMTP (mail). Any pro¬ 
gram that uses TCP can be modified to 
use secure SSL connections by making a 
few source code changes. Figure 3 shows 
the SSL protocol stack. 

The main trade-off for putting SSL at tlie 
transport layer is that it is not specifically 
tuned for HTTP and therefore may not al¬ 
ways be efficient for web brcw^sing. A mi¬ 
nor limitation is that an SSL connection 
must use a dedicated TCP/IP socket. SSL 
uses cryptogiaphic principles such as dig¬ 
ital envelope, signed certificates, and mes¬ 
sage digesLs. An imixirtant feature of SSL 


is flexibility with regard to choices of en¬ 
cryption algorithm (symmetric algorithms 
like DES, 3DES, RC2, RC4). message di¬ 
gests (MD5, SHA), and authentication 
methods (RSA public keys and certificates 
or Diffie-Hellman key exchange). 

The combination of encryption algo¬ 
rithm, message-digesi function, and au¬ 
thentication is known as a "cipher suite.” 
The Netscape browser suj^ports more than 
30 cipher suites. Likewise, JDBC drivers 
support varitms cipher suites. 

Wien an SSL client fust makes contact 
with a server, the tw'o negotiate a com¬ 
mon cipher suite. In general, the two try 
to pick the strongest encryption metiiods 
that they have in common. 


When an SSL connection is in place, all 
brow^ser-to-server and userver-to-brow^ser 
communications are encrypted including 
the LJRL of the requested document, con¬ 
tents of the reciuested dex^ument, and con¬ 
tents of the HTTP header. 

Table 1 summarizes the drivers and 
shows what features are offered by each 
vendor. 

Tengoh/JDDC 

Weblogic’s Tengah/JDBC is a Type III im¬ 
plementation of fDBC for use with Java 
applets and applications. It includes fea¬ 
tures such a,s authentication and encryp¬ 
tion (dinough Tengah SSL), access to name 
services (NIS, NDS, and the like), access- 
control lists, HflP, HOP tunneling, and 
proxy^ support. 

Tengah/JDBC secures networked appli¬ 
cations with optional encry plion, authen¬ 
tication, and autliorination based on RSA 
SSL, X.509 certificates, and access-control 
lists, it provides encryption and autlienti- 
cation dirough Tengah SSL, which is Web- 
logic's implementation of SSL Version 3- 
Tengah SSL uses RSA as ilie key exchange 
melhcxl. It supports both server-to-client 
and two-way autlienilcation. User au¬ 
thentication is provided rhnxigh X,509 cer¬ 
tificates. Tengah supports message proto¬ 
cols such as t3 (Tengah's native protocol, 
vvhich uses TCP sockets) and HTTP. The 
SSL layer permits these protocols to lie se¬ 
cured as t3s and IITTPS. When a t3s con¬ 
nection is opened, a certificate exchange 
occurs that guarantees the server's identi¬ 
ty, Thereafter, communications are en¬ 
crypted. In the case of an applet, the cer¬ 
tificate used to e.stablush the HTTPS 
connection Ls used for die applet's t3s con¬ 
nection. 

Tengah uses tlie Java Naming and Di¬ 
rectory’ Interfiice (JNDI) to provide access 
to underlying directory-naming services 
that support i.DAP, such as Novell's NDS 
and Sun's NIS. 

It uses the JDK 1.1 ACL Principal, 
Group, Permission, Acl, and Acl Entry in¬ 
terfaces in its implementation of ACL. Ten¬ 
gah's support for ACLs follows the Java¬ 
Soft javaseCLirily.acl specification. Tlie ACL 
support built into Tengah, the Weblogic 
Realm, depends upon users having an en¬ 
try in a list tliat grants or denies permis¬ 
sion to access a particular service. Tengah 
organizes Users, Groups, Permissions, and 
Acis into Realms which map to Principal, 
Group, Permission, Ad, and AclEntiy. A 
Tengah application can set up its own 
ACL, and its own Realm. The Weblogic 
Realm, whicli is supplied as a Tengah ser¬ 
vice, provides ACLs for Tengah. 

Tengah also supports HTTP and HOP 
tunneling; dius, a client behind a firewall 
could connect to the Tengali server through 
these tunneling mechanisms. 



Figure 1: Java client behind a firewall accessing database thmugh a Type III 
JDBC drive?: 



Figure 2: Java client outside of a firewall accessing databases through a Type 
IlI^/DBC driver. 
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Product 

Vendor Version 

Driver 

Type 

Encryption 

Authentication 

SSL 

Support 

ACL 

Proxy HTTP 

Support Tunneling ' 

Tengah 

Weblogic 

3,0 

3 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

SoqueLink 

InlersQlv 

3.5 

3 

Yes 

Yes 

No 

Yes 

Yes 

No 

JSOL/lngres 

CanlxTU Lake Sw 


3 

Yes 

Yes 

No 

Yea 

Yes 

Yes 

SqiFtelfi^er 

SCO 


3 

No 

Yes 

No 

Yes 

Yas 

No 

jConrreot 


30 

4 

Yes 

Yes 

Yes 

NA 

Yes 

Yes 

Orade Driver 

Ofdcte 

1.0 

4 

No 

No 

No 

NA 

Vos 

No 

Fast Fonward 

Connsct Software 

3.0 

4 

Yes 

Yes 

No 

NA 

Yes 

Yes 

OPtNjdiJC 

l-Ktnetics 


3 

Yes 

Yes 

Yes 

Yes 

Yes 

0 


Table 1: Securi^ features offered by various JDBC drivers 


Sequelink 

Sequelink, Intersolv^s Type lU driver, pro¬ 
vides features such as multiple levels of 
security, encryption, and a lightweight Java 
proxy. 

SequeLink supports six levels of secu¬ 
rity: DBMS system authentication, host sys¬ 
tem authentication, data encryption, ap¬ 
plication authentication, Readonly, and 
Autocommit. 

Sequelink interfaces with the host sys¬ 
tem security provided by the OS system 
security {Windows NT or UNIX, for in¬ 
stance), delivering an additional layer of 
user authentication for access to the sys¬ 
tem services. Sequelink does not support 
JNDI in the current version. Sequelink 
uses encryption on-the-wire for aU data 
and user account information (including 
UID/PWD). The oirrent version does not 
use SSL. AppEcation authentication allows 
system administrators to determine spe¬ 
cific client applications that can access spe¬ 
cific Sequelink services. Client applica¬ 
tions pass a specific key that the 
Sequelink server then vaEdates as an au¬ 
thenticated server configuration. Certain 
apps (query tools) can thus be restricted 
to read-only while others can have full 
write and update permissions. 

Sequelink offers the unique Readonly 
and Autocommit filtere. Wlien Autocommil 


is switched on, the server bt^ins and com¬ 
mits each ^tement immediately, regardless 
of application setting. When Readonly is 
switched, the server processes only SQL 
SELECT statements and does not send state¬ 
ments such as INSERT, UPDATE, and 
DELETE to the database engme. This fea¬ 
ture can be useful for organizations where 
custom appEcations are used for order en¬ 
try (requiring end users to have write per- 
missbns), but the same end users may need 
to run query tooLs for decLsion support or 
data mining. If a user were to accidentally 
change a value in these other tools, then 
the entue data could be corrupted. 

Another Sequelink feature is its Java 
proxy, which is essentially a Java appli¬ 
cation running on the web-server host, its 
role being that of a pass-through server 
to the Sequelink JDBC server. 


Sequelink does not have HTIT tun- 
neEng support in its cummt version. CEents 
l:>ehind a firewall that allows only HTTP 
traffic, therefore, would not be able to 
connect to the server. 

JSQL/Ingres 

JSQL (Java to SQL) is a Type III driver 
from Caribou Lake Software for connect¬ 
ing to Ingres databases. It has various com¬ 
ponents tliat provide proxy services, au¬ 
thentication, mnneling, and the main server 
component that connects to database 
servers. These components are: 

• JsvT, a JDBC connection server. 

• Jpass, a proxy server for Jsvr. 

• Jtunnel, for HTTP tunneling. 

• Jautli, vaEdates usemame/password on 
remote computers in network. 



into system development with the 
enterprise modeling tool champion 


Sheiia Hudson, US. Record Hokier, Triple Jump 


In enterprise modeling you can't afford to be caught 
standing still—or using stand-alone products. Only the 
System Architect suite of tools allows you to jump from 
Business Processes to Objects to Data Modeling. Team 
collaboration and productivity are maximized through its 
multi-user networking and repository-based capabilities. 
Popkin has over 10 years of experience designing and 
producing software to meet your needs now, and far into 
the future. So stop standing still. Try us FREE for 30 days! 


POPKIN 

SOFTWARE 
Enterprise Tools For Success 
www.popkin.com/enterprise /540 



FREE System Architect 30-Day Eval: 800.732.5227, x540 
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Figure 3: The SSL protocol stack. Figure 4: jConnect coyiftguration for a client behind a firsufcdl 


Jtunnel is an HTW tunneling server that 
tunnels JDBC connections through fire¬ 
walls and reverse proxy servers. Jtunnel 
could also be used with a .secure HTTP 
server to provide encryption between the 
Java client and the w'eb serv^er, Jtunnel 
comes with a CGI script named ‘Jcgi” that 
should lie installed on tlie web-server hcxst 
if tunneling is required, Tliis script takes 
the HTTP packet and sends it to Jainnel 
which retrieve.s the data from die packet 
and forwards it either to Jpass or to Jsvr 
depending on the connection URL in the 
request. Jpass provides pass-through ser¬ 
vices; Jsvr Ciin lx: installed on a diferent 
host than the web server, and Jpass would 
relay client requests to Jsvr. 

Jautli is die authentication server for au- 
tlienticating JDBC client connects to the 
Jsn^ connection server. It supports au¬ 
thentication methods such as opemting- 
system authentication (for server OSes), 
database authentication (Open Ingres 
only), and remote autlientlcation (server 
OSes). Jsvr can be configured with an 
access-control list. 

SQL Retriever 

SQL Retriever is SCO’s server module, with 
which the SCO JDBC client communicates. 
The JDBC client allows Java applets or ap¬ 
plications to access infonnation from Or¬ 
acle, Informix, Ingres, Sybase, Interbase, 
and Progress databases on any UNIX plat¬ 
form. 

Tile driver communicates with the serv¬ 
er module, wliich Ls installed either on tlie 
web server or another host. Tlie driver 
communicates witli die server using Sun 
RPC (Remote Procedure Call) mechanism. 
The RPC layer forms a connection using 
Java sockets. The SQL-Retriever server is 
a UNIX daemon process. The default con¬ 
figuration for^RTBC client and server is that 


the dicmt gets the port of the server from 
porimapper and the server is siarted as 
root and registers itseU‘ witli the portmap- 
per If the server Ls behind a firewall, tJie 
port 111 (used by portmapper) Is blocked. 
In tills case, the server can be made to lis¬ 
ten on a specific port (start the server with 
a -1 flag, flag should lx* folkwed by the 
port number). At the client .side, the port 
should lie specified In the JDBC connect 
URL, the client then will not u.se the 
portmapper, it will go straight to this port. 
If the client is liehind a firewall w'hich al- 
kiws only ITTTP trafllc, tlien the client would 
not be alile to amnect to the server. 

SQL Retriever’s security features include 
a .security manager which lets sy.stem ad¬ 
ministrators control user access to the 
database or to specific tables in the 
database, and a proxy RPC-Reflect or, 
which allows servers to be installed on a 
host other than a web server (it passes 
through client requests to tlie server). SQL 
Retriever does not offer encryption and 
server- autiientication. 

jConnect 

Sybase’s jConnect is a Type FV driver for 
connecting to the Sybase SQL Server. For 
connecting to servers using SSL, jConnect 
Release 3.0 provides a Java servlet that 
should be installed on tlie web server tliat 
hasts the applet. The web server should 
support the javax.servlet interfaces, which 
enables jConnect to support encryption 
using the web server as the gateway. jCon¬ 
nect uses the TDS-tunnelled HTTP pro¬ 
tocol in proxy and firewall configurations; 
.see Figure 4. 

With the TOS-tunneling servlet, requests 
from a client to the back-end server that 
go tliroLigii the gateway include a GET or 
POST command, the TOS session ID (af¬ 
ter tlie initial request), back-end addres.s, 


and status of the request as query pa- 
rameteis for tlie request. The TDS stream 
Is contained in the lir>dy of the request. 
Two header fields indicate the length of 
the TDS stream included in the request 
packet, and the session ID assigned by 
the servlet. When the client sends in an 
initial ret|uest (login request), ilie servlet 
creates a ses^sion ID, .strips the HTTP head¬ 
ers and sends tlie TDS dam to tlie serv'er, 
gets the results back from tlie server in 
TL4S format, assembles an HITT packet 
(passing the session ID in the header), 
and sends the packet to the client. Sub¬ 
sequent requests from the client contain 
that se.ssion ID in the header. 

Oracle ThinJDDC 

ThinJDBC, Oracle's Type IV driver, has a 
footprint of about 150 KB and provides 
its own implementation of a TCP/IP ver¬ 
sion of Oracle's SQLNet/Net8 protocol. 
This driver only works witli TCP/IP-liased 
networks. It supports Oracle databases 
Versions 7.2 and upwmrd, 'fhinJDBC does 
not have proxy support; it can, liowever, 
be used with the Omcle Connection man¬ 
ager to achieve three-tier configurations. 
Since it does not support HTTP tunnel¬ 
ing, it will not work with those firewalls 
that only allow HTTP through. It would 
work witli firewalls tliat allow SQLNet traf¬ 
fic. The communication between an ap¬ 
plet that uses the TliinjDBC driver and the 
database happens over Java TCP/IP sock¬ 
ets. The connection can only be made if 
the web bro%vser (where tlie applet is ex¬ 
ecuting) allows a socket connection to be 
made. In JDK 1.0.2-based browsers (such 
as Netscape 3-0), the applet would only 
be able to open a c'onnection to the host 
from wTiidi it was downloaded. In this 
case, the database would have to be pre¬ 
sent on the same host as the web serv^er. 
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For More Information 


^ebLogic Inc. 

417 Montgomer}^ Sfreet 
San Francisco, CA 94104 
415^659-2600 

li ttp : //w^Tv . \v eblogic. com/ 


Intersolv Inc. 

9420 Key West Avenue 
Rockville. JVID 20850 
301-838-5000 

http;//WWW. in ter,sol V, com/ 


Caribou Lake Software Inc, 
4780 Beacon Mill Road 
St, Paul, MN 55122 
612-488-9470 

http://\\^^^v. cariboula ke.com/ 


SCO 

425 Encinal Street 

?.0, Bt3X 1900 

Santa Cruz, CA 9506M900 

40.8-425-7222 

http: //'WWW. SCO, corn/ 


Sybase Inc, 

6475 Christie Avenue 
Ernervwiile, CA 94608 
510-922-3555 
h ttp :/7www' .Sybase, co n V 


Oracle Corp, 

500 Oracle Parkway 
Redwood Shores, CA 94065 
650-506-7000 
http://4w^w'.oracle,com/ 


Connect Software Inc. 

81 Lansing Street 

San Francisco, CA 94105 

415-543-6695 

htip://w^w,connecLsw.conV 


I-Kinetics Inc. 

17 New England Executive Park 
Bui lington, MA 01803 
781-270-1300 

http; //WWW. i-kinetlcs. coni/ 


Client 


Browser 


OPENJdtsc 

client 

Applet 


Client 


=■ HTTP tunneled native protocol 


Figure 5: The OPENfdbc client (client behind fireivall, client oiUside a firewall) 

accessing DataBroke}^ server where server is behind Wonderu^alL DDJ 


With JDK 1.1-based browsers, this re¬ 
striction does not apply if tlie applet is 
signed. 

Oracle Connection Manager may be de¬ 
ployed in combination with JDBC applets 
to provide secure access to Oracle envi¬ 
ronments. Connection Manager incorpo¬ 
rates a Net8 application prox\^, wliich lets 
.s\'Stem administrators control how a con¬ 
nection request gets routed. Through the 
use of rules, requests may be filtered 
based on parameters such as: 

• Destination or Origin IP address. 

• Oracle System Identifier (SID). 

• Data encryption/security preferences. 

Tlie ThinJDBC applet can connect to a 
Conneaion Manager running on the Web¬ 
server host and have tlie Connection Man¬ 
ager redirea tlie packets to an Oracle serv¬ 
er mnning on a separate host. 

Fast Forward 

FastForw'ard, a Type r\' driver from Con¬ 
nect Softw^are, provides Java clients with 
direct access to Microsoft SQL Serv'er (all 
versions) and Sybase SQL Seiv^ers (Ver¬ 
sions 4, 9, 10, and 11), FastForw^ard works 
by directly transferring and receiving in¬ 
formation from Java to SQL Server using 
TCP/IP sockets. The format of data 
passed back and forth is TDS. Version 
3.0 offers features such as xencr^ption 
and MTTT tunneling through the Fast- 
Forward Security Proxy. FastForw^ard 
Proxy is a pure Java appMcation that pro¬ 
vides connectivity between clients on the 
Internet and servers within your network. 
It also provides HTTP tunneling, com¬ 
pression, and encryption. Proxy uses sym¬ 
metric private key encryption in 16 


rounds with 64-bit key for encryption. It 
also supports DES, 

OPENjdbc 

OPENjdbc is 1-Kinetics CORBA-based 
Type III driver. The driver communicates 
to the DataBroker server through HOP 
protocol. The databroker server is based 
on CORBA, using Iona’s Orbix Object Re¬ 
quest Broker to provide features such as 
multithreading, connection pooling, and 
load balancing. OPENjdbc invokes meth¬ 
ods and services defined in the DataBro- 
ker’s IDL files. Figure 5 illustrates the 
OPENjdbc ardiitecture. 

OPENjdbc driver offers securiy feaaires 
such as SSL enciyption and authentication 
(tlirough Orbix SSL) and HTTP mnneling 
of HOP, The SSL option is provided 
through Orbix SSL, wliich allows Orbix- 
and Orbix-W"el> based applications to be 
easily retrofitted with SSL security. Orbix 
SSL replaces the default HOP protocxil witli 
die standardized SSL-QOP protocol, which 
is essentially HOP over secure SSL con¬ 
nections. The SSL option provides au¬ 
thentication using public-key cryptogra¬ 
phy (RSA, DSS) and encryption using 
lilock-encryption methods (DES, RC4), 

The Data Broker server need not be on 
the same host as the web server that 
served the applet. An HOP proxy on die 
web server can route all requests to die 
databroker. lc}na's Wonderwall offers this 
feature along with its firev^^all features such 
as examination, filtering and logging of 
HOP requests, H lTP tunneling suppon, 
and ACL support. 

Conclusion 

Security is an important aspect of appli^ 
cations that deal with sensitive data and 


are deployed on an open medium such 
as the Internet or an open intmner (no 
firew^all). JDBC driver vendors offer tools 
which could meet the security needs of 
these applications. Your choice of soft- 
w^are should be made based on factors 
such as application requirements, de¬ 
ployment configuration, security needs, 
expandibility^ and standards supported by 
the vendor. 
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Listing One 

typedsf flt:ruct 

[ 

float y, z; /■ coordinates •/ 

] Tnake-vertex-list: 

Listing Two 

typedaf flicttct 
C 

Int an bt e: /• atray indieas «/ 

int a^i, a_t, /* tJ tejcturs coordinate a */ 
b_a* b_t. 
c_a^ c^ti 
] jnake.iodex-liat; 

Listing Three 

U) 

(vertex.llat [index_iiat[0l .aj .i* vartex.lljtliiiijesdlatra] ^*] 

vtrtex_liBt [l£idax_list [0| .s] .zj 

ib) 

(vert&t-liBt [iji!i*x_iisc[0] .b] .x* vertex_liBt:rindei_liflt [0] ,b] *j. 

vertai.list[index_list[0i+tl-z) 

(c) 

(vartai^lifit [ ind ex.Uat [01 h c] . x < vertex, list I index J.iat [0 ] . n] , y. 

vartex-lifftrindex-list[0l jcI rz) 

Listing Four 

typedef strunt 

mfike_VEttex_li3t *vertex: 

} make-fraBS-liet; 


/* use xba OpectGL function to rescale */ 

gluScalsImage (GL-EQ-SA, iii_iWidtbi GL-DHSIGS^ED-BYTEt unScaled^ 

ffi^iflcaledWldth, m-iscaladfleiEbt, GL-UUSXGKED-BYTE, alTexture) j 

/* reclnin nenory o£ tba unecalsd texture */ 
delate {] imS’caled; 


TEXTURE MAPPING 


Listing One 

void □fav_Tciangie[float float float xt,float yl, 

float xZ,float yl, int color) 
f 

// this fijnctloQ taster Izeg a ci:iang,ls with a flat bottom 

// compute loft side interpolant 
float dx-^left ^ 1x2 - x0)/Cy2 - y0] t 

// coffiputa right .6Ida intecpolant 
float dx-rlght ^ (xl - x0)/{yl - 

// seed left end right hand intorpolatota 
float i_left = x0: 
float x_Tlgiit ■ xS5; 

// Enter into raaterizatlon loop 
for (int y=y0; y<^l: y++) 

( 

// draw the b canline 
Dcflw_Line[K_left, x.rlght, color)] 

// advance intarpolanta 
K_left+=dx_left f 
x_ cight+^dx^cight: 

1 // end for y 
] // end Draw-Triangle 


Listing Five: 

(a) 

frame.list[Fl.vertex!index,liar[P]■&] 
frame^list[F].vertex[index_liat[P].a].y 
frame-list[f],vertexIindex.list[p]+* 

(b) 

frame .list IF] +vurtexIindexJJxt [P] .b] ,x 
frainB,list(FL vertex [index_list [pj .b] ,y 
frame-list [F] , vertex I in£iex,lifit[P],b] ,t 


Listing Two 

// initiallsa u,v inrtarpolatits to left end tight aide values 
ui =01: 

Vi = Vi: 

// now iatetpola,te froo left to right, i,a. in a poaitlve a direction 
for (x = xatart; x <= tend: x++) 

I 

// get texture pixel value 
pixel = tEstiire_£Dap [ul] [vi] 3 


(0 

frame-list (F] ,vertex[index_liBt [P].c].x 
frame-list[F].vertex[iftder_liBt[pj *e],y 
fcame-liet[F],vertexIlndei-liat[P].c],* 

Listing Six 

(a) 

R: m-paletTE.b-jf fer I m_pirel.bufferf0] I 
G: m,paletTe.buffer [ iii_pixel_biiffer[ij | 
fl: m_palette_buffer ( nL_paxel-biiffet[j] | 


// plot pixel at x.y 
Plot-Pixeltx,y,pixel); 

// advance u.v interpolanta 

u±+=du: 

vi'^dv: 

J // end for x 


DVD 


Cb) 

R: m-palitT€.buffer |3 
G; m_pelette_buffer I3 
B: m.palette-btiffer (3 


♦ HL-pixfil^hufferlFl+Sj 

♦ B, pixel-huffe 11P] ’*"11 

♦ M-pixal-bufftrlpj+li 


Listing One 

// grab an interfece to the Aooex J method b 

bt = m-pgraph->QuaryIiiterfaca'£lID_lDvdControl, {void +•) Sdn-pUserOperationfl) j 


(t) 

R: nupalatta^buffer 
G: m_palette,buffer 
B: m_palette-buffar 


I3 ♦ B-pixel-buffec[R + Y*Width]+0] 

1.3 + B_pixal_buffeclX -t Tf*Vidth]+ll 

l3 * B.pixel-bufferU r Y*Witith]+ll 


if E UlAIlEIXbrJ) 3 

t 

// atart playing title 1 . chapter 3 

hr = B-pUeErOperatijons^JChapterPlay[ I, 3 )■ 


Listing Seven 

giPixelStQrei{Gl._tJNPACK-ALIGNMENT, 1) [ 

ftlTexParameteri ECL_ TZlCTU|t E_ 2 a. GL.'EEXTURE-WRAP-S. GL,CLAMP Jr 
giTexPararaateriEGl.TEmillE-Sa, CL-TEKTUEE-HSAP-T, G1_CLAMP>: 
glTexParaflifiterlEGL_mTtlRE,ZD . GL-'PEKTCRE-MAG-FILim, GL-HlAEEST) I 
giTaxParameteriECL-TEJfTUaE-afi. GL_rEXTURE-lIIK-FILTER, GL ..NEAREST) 3 

Listing Eight 

giEnaiie{GL-CULL_FAa) 3 
glEnab la (GL-TM'i'lJ'RE,2D ] £ 
glFolygonMode tGL_fEONT. GL_FILL>i 

glTexEnvf [GL-TEXTIJ(RE,ENV, GL-TEXTmiE_EWV_MO&E, Gl-DECAL) 3 

Listing Nine 

Glubyta *unScaled = new GLubyte [tLlWidtb • H-iheight • 4J ; 
for ( 5 = 0 : j < ffl-iHaight: j++) ( 
for El = 0 : i < m,iWldth: i++) { 
unScaled [4+Ej * iLiWidth + ij+ 0 l - 

(GLubyte) TiLpBlette_fauffarl3*ni,piiel,buffftr [j*B_iWidth+l]H-0] r 
onScaled [4*(j * B„iWidth + i]ttj 

{ GLubyte) TiLpalett e-buffer 13 *m_p ixel .buffer [j iWidth+lJ +l]; 

unScaled [4*Ej * «-iNidth + iJ+Z| - 

'(GLubyte) TiLpaletTe_buffe£l3+iii-pix:el -buffer [j *in_lWldth+i} +2] ! 
unScalBd[4*Ej * B-lWidtb + D+JJ = £Q,ahyte) Z53 e 


Listing Ten 

allocate memory for the nev rescaled texture */ 
glTextufE =■ new GLabyte [B-iscaledWidth • m-iataledBEight * 4]{ 


// vIew the 2nd angle 
impUiarOperations-^AngleChangaC 2): 

// turn off annoying foreign language aubtitles 
B-ptta0rOperetion3->Subpicture5ttEamChan|a( 1, FALSE )j 

// release interface 
n-pUaerOperetions->HElEHae £)3 


Listing Two 

emitcb (Event) 

[ 

case EC.QVB.B[JrraN_CMNGE 3 

// IParaml contains number of active buttena 
// if there are ANY buttons alive—enable butttjn manipulation 
if { IPnrsml > G ) 
i 

bActiveEuttonB = TRUE; 

J 

break: 

case EC-DVTJ-ANGLE-CHANGE : 

y/ iFatanl contains the current viewing angle 

break: 

case EC-DTO^TITLE.CHANGE : 

// iPflraml contains the cucreatly playing title 
bteflk i 

case EC-DVD-CHAPTER.START s 

// iPacaml contains the currently playing chapter 
break: 

case EC-DVD-VAUD-UOPS-CHANGE : 

// IParaml containa the currently active uaer nperationa 
break: 

3 
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INTERNET PROGRAMMING 


Listing One 

Ca} 

C^type 

< [Jitra simple XSL Btyleshflet —> 

<3Lh1> 

<mla> 

<!!“ Pfltterti —> 

<root/> 

<1— Acti&n --> 

<HTML> 

CHEAD? 

<TITLE>Cars for sale - Example I</TITliE> 

C/HEAI» 

fBODY> 

Cchildren/^ 

</E0DY> 

C/HTML> 

</ rule> 

^/3csl> 

Cb) 

ObsssI -i cfB.xml -s cfBl.xal -o nfsl.htD 

Otype cfalnlltini 

<BTML> 

<K£AC!^ 

<riTLE>CarB for Bale ’ Example U/TITLE? 

CBODT> 

ToyotaRedFoirdWhite 

</BOEiY> 

</Hm? 

Listing Two 

tft) 

Ftcicess Car eleaentB by proceefling all ehildran and than adding 
a horizontal rule —? 

Pattern — > 

<targat-olBtaeiYt typa ■ "Cac"/> 

<!— Action — > 

CcMldren/? 

<HR/> 

</rule> 

<("" Process Maker elements by prefising Bome litersl text and then 

proeeaelng all children 

<rule> 

<!“ Pattam --> 

<tfl,rget-element type = ‘'Kaker"/? 

<1— Actidin —> 

<P> 

Hake df Car: CcMldrati/? 

</P> 

c/irtila? 

(!— ProcesB both Conditign and Color elemantB in the ssae way—alttqjly 
create HTML paragraphs —> 

<rule> 

<!“ Pattern —> 

<tBcget-eleBent type - ‘'Condition"/? 

(targat-eleBent typa = "Color"/? 

Cl"” Action —? 

<P> 

^children/? 

</P> 

</cule? 

(b) 

Omsxal -1 tfs.xml -a -o tfaS^htB 

C?type cfEZ.htH 

<tmtt.? 

<HEAD> 

<TlTLE?Card fqr Sale - Erample 2</T1TLE? 

</HEAD? 

<aaDY> 

<P> Hoke Df Car: Toyota 
C/P><P> 

</P><P> 

Eed 

</P><HR><F> Make of Car: ford 
C/PXF? 

</P><P> 

White 
</P><HR> 

</bO!lY? 

</HTML> 

Listing Three 

U) 

Grille? 

<ta£gat-elBinant type = "Car"/? 

<e> 

Price = <aval?<t[[:DATA[ 

getAttribirte ("Price") + " " + getAttribyte(’'Dnits'') 

J]></eval? 

</P? 

<children/? 
tHR/> 

</rtile? 

(b) 

OmexEl -i cfs.xml -e cfs^.xsl -o cfsl.htm 

C?typa cfai.hTiii 

<HTML? 

<HEAD? 

<:TITLE>Cacs for ssle - Exanpla 3 </TITLE? 


</HEAD? 

<BaDY> 

<P? Price = Bollars 

</P><P> Make of Car: Toyota 
^/P?<P> 

</P?<P? 

Red 

</P?<HR?<P? Price = 20000 Irish PuntE 

</P><P? Make of Cat: Ford 

</P?<P> 

</P?<P? 

White 

</P?<HR? 

</BODY? 

</arML? 

Listing Four 

[S) 

C?type cfsA.xsl 
<aal? 

<nile? 

<1— Pattern — ? 

<toot/> 

<!— Action —? 

<HTML? 

<HEAD? 

<TITLE?Cars for sale - Example 4</TITI£? 

</HEAD> 

<B0DY? 

<TASLE 

<TR? 

(TO?Muinber</'nj> 

<TD>Ptica<An>? 

<TO?Kaker</'n}? 

<TD>CmdltiQn< /TD? 

^TOColor^/Tl?? 

</TR> 

<cbildren/? 

</TABLE? 

</BaoY> 

</HTML> 

</mle> 

<nLLe? 

<1— Pattern 

<target-element type = "Cer"/? 

<1-- Action —> 

<TR? 

<]-- AsitomaticBlly nraiber the table rows --? 

<Th? < aval ? chlldNumber (thial < / aval ? </Tr)? 

<Td? 

(continued on page 98) 
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(continued from page 97) 

1 

vat EiehflngeRete = 1.5; 

// Convert price into Irish Pounds based on the ExchangeRate variable 


//if LiultB ia Dollar a 

</TD> 

<childran/> 


function aetPricelnlrishFunts[price,units) 

E 



if [units "Dollars") 

<ycula> 


return pcice ■ ExchangeEate + " Iriah Pounds 

<rule> 


else 

<!-- Partem — > 


return price + " Irish Pounda“j 

<target-elewetjt type 
<target-eleMant type « ”Golo-r"/> 


3 

]■]></ def ine-script? 

t|-- Action —y 


(rule? 

<TD> 


<1— pattern —> 

^ children/> 


(coot/? 

</TD3- 


( i -- Action “> 



(HTML) 

<nile> 


(HEAD? 

<1— Pattern 


(TITLE?Cars for sale - Ejtample 8(/TITLE? 

< target-element type ■ "Condition"/> 


(/HEAD? 

<TD> 


(BODY? 

<eval><1[CDATAI 


<P?<B> 

getAtt ribut e { “type ) 


Mote: Eiichange Rate Dsed (*val?EKchflngeHate+" Dollars per Irish Pound" </ eve1> 

]] > (/aval? 


(/BX/P? 

</TD> 


(children/? 

</njle> 


(/BODY? 



(/HTML? 

(/rule? 

(b) 


(rule? 

C>B53tel -i cfa.xjiil cfeA.Jtal -o cfa^.htm 


(1" Pattern —? 

Otype cfs4rhtni 


(target-element type = "Cat"/? 

<am> 


(1— Action —? 

<HEAD? 


<P? 

<nTI^E>CHfS for dale - E^aiMple /TITLE? 


Price in Irish Punts- <aval?(i[CDATA[ 

</HEAD? 


n etPr 1 c elnltlflhPutit a ^ get Att ribute ("Price") ^ getAttribute (" Unit a" )) 

CBODY> 


rj?(/«val> 

STABLE B0EDER=''1"> 


(/P> 



(child rati/? 

<TD?Niim!5er</TD> ^TD?Frice■!/TD?m>Mak 0 ^^/TEl> <TD>Ccindltion</TD> 

(/rule? 


(TD?Color</TD?(/rR? 

< rule? 

<TR><TD>l</TD><TD>10000DollErfl</TU><TD>ToyDts</TD><TlI><5oad</'rD>tTD>I?£ii</Tt)> 

(!“ Pattern “? 

<m> 


(target”element type = "Maks"/? 

<TR><TD>2</T11><TD>20000 Triffh Punt3</n)> <T!>?tord</TD?<TD>!kHjd</Tl»m> 

(target-element type = "Color"/? 

Wbite^/TUx/m 


(!— Action "'? 

C/TABLE> 


cp> 

</B0CJY> 


(children/? 

t/HTMLJ 


</P> 

(/rule? 

Listing Five 


(/*al? 

(aj 


Cb) 

Otype cfffftxei 


Omsxnil ”i cfa.xml -a !:fsB.XBl -o cfsB.hta 

<5tal> 


C?type cfaS^htm 

trule> 


(HTML? 

<root/? 


(HEAD? 

^Rm> 


(TITLE?Cflrs for sale - Example S(/TIT[^> 

<HEAD> 


(/HEAD? 

<TITLE>Cars for sale - Example 5</TlTlJ!> 


(BODY? 

t/MEAD? 


(P?<B? Note : Exchange Rate Used 1,5 DolIarB per Irish Pound 

<EODTS 


C/HX/P? 

STABLE BClEI}ER=n"> 


(P? Price in Irish Punta= 15000 Irish Pounds 

<children/? 


</P?TQyota<P? 

</TABLE? 


Red 

</BODy> 


(/PXP? Price in Irish Punta^ 20000 Irish Pounds 

</HTKL> 


</P>Ford<P? 

</rulB> 

<rule> 

<tatget-alKniint typ« = "Csr"/? 

<TR> 

ificlact"flleraantfl? 

<target-element type = "Maker"/? 

( /a elect-elenentfl > 
t/TR? 

(/rule? 

<nile> 


White 

(/P> 

C/BQDY? 

(/HTML? 


1 DRAGON 

(target-elemetit type = "Mflker'7> 

<TD? 

(childcEti/? 


Listing One 

</TO 


mSIDH 5,00 

(/rule? 


Object = "{CgFlDD&9-A9F9-llD0-E5C5-444555540000lll,0lt0": ''dd32,ocK'' 

</3ESl> 


Object = "lfi4SA5fi03-2C6E“10IB-S2E6-0000000000l4)ltl,ltt0"i "MSC0MM32,W 

Begin VE,Forni HainForni 

Ol) 


Caption = "Voice Dialer" 

Orasxsl -i cfe^iml -a tfaS.xsl -a cfaB.htia 


ClientHelght * 3195 

Otype cffiS.hta 


CliatitUft = d® 

(tlTML? 


CUentTop » 345 

(HEAD? 


ClientWidth = 4&S0 

(TlIl*E>CacB for eele ^ 'EjcamplE 5(/TITLE? 


LinkTopic = "Forml" 

(/HEAD? 


Scaletteigbt = 3195 

(BODY? 


SnalaWidth » 4680 

(TABLE B0EDER="1"? 


StartUpFosition - 3 "Windows Default 

<m> 


Begin VE. GoBiMndEutton ManDial 

(TD? 


Caption = "Number'" 

Toyota 


Height = 495 

(/TD> 


Left ^ 120 

(/TRXTR? 


Tablndex = 3 

(TD? 


Top = 1560 

Ford 


Width = 975 

(/TD> 


End 

</TR? 


Begin MSCofflmLlh.MSCDiiiin MEGomml 

(/TABLE? 


Left ^ 720 

(/BODY? 


Top = 2520 

C/KTML? 


.ExtantX = 1005 

.ErtentY ^ 1005 

Listing Six 


..Version = 327680 

DTREnable = 0 'False 

(a) 


End 

C?type cfsB.ifll 


Begin VB, CoimaandButton Delete 

(xal? 


Caption - "Remove" 

<defina-'se c ipt ? (! [CDATA E 


Height = 495 

// 1k 5 Dollate to every Itlali Pound 


Left = 120 
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Tsblndcx “ 

2 

Tup 


Width 

975 

End 

Esgin VB.CuinmAadButtuu 

Add 

Caption 

"Add" 

Height » 

495 

Left 

120 

Tflbindex = 

1 

Top 

120 

Width 

975 

End 

Begin VB.ListEox Llatl 

Hei^t = 

2790 

Left 

1120 

Sortad = 

-1 'True 

Teblndex = 

0 

Top = 

120 

Width 

1135 

End 

Begin DDSpeef hT.i h ^ DDSpe-ech DDSpeecM 

Laft = 

120 

Top = 

2640 

.Feraion = 

6553b 

-ErteivtK = 

741 

.BitentY = 

741 

-StQcWrqpa 

0 

End 


End 

Attrlbut* = ‘'MainFocn'* 

Attribute VB-GlobalKaJOESpece = FaX§e 
Attribute VB^Creatable = False 
Attribute Vfi-Frei3eclaredld = True 
Attribute VB.Eitpoeeia ■ Fala# 

Option Explicit 

Frivsti Sub Add-Click() 

' Kame, uuslier, and |eneri£ string 

Dia n As String, ran Ac String, s As Striugn wrd As Strtug 
AddFnrB.ShDW vbHodal 
If AddForn, Cancelled <> True Then 
U = AddFattt.NavNBme 
nn “ AddFom^I^tevlfiiniber 
B ^ n t Clir( 9 } A tun 
Llitl,AddItRH B 
word ^ a A •»[■< 6 n A 'f]" 

If DDSpaechl.ArfdWocdrFliBook'', -TrelNuio", word, 

- EKP-KRR.WORD JAS„WD.tK>DEL Then 

DDSpeachl iTralnWard ^ word 
End If 

llnload AddFann 
End If 
End Sub 

' Dial a number in the fomat of name (tab} number [xkxJ 
* The brackets^ If present at all, ate ignoted 
Sub DiaKByVal word As String) 

Oia n As Integec 
Dim tS As Date 

Dim dn As String, nam Ab String ’ Dial lUiabBr, name 

n ■ InStreward, CbrC?)) 

dn ^ Eight(word, ten(word) - n) 

naift ■ L^tiword, n - 1) 

n - lnStr[dn, 

If n 0 Thau dn ■ Left(idn. n - 1) 

HSCobsI-P ortOpen True 

KSCohuI .Output - '■ATVlEBErr & dn A Chr{13) 

to ^ DHtaAdd^'‘s*^ 5. Nov) 

Do 

DoEventa 

Loop Until Wdw > t0 ■ Wait 5 aeronds 
KSCobuLL .FortOpen * False 
MsgBox dti. vbDKOnly. "Dialed ^ A tiati 
End Bub 

^Delete Entry 

Private Sub Delate -CXiatf} 

Dim n As Integer 

Din word As String, mm As String 
n > LlBtl.LlstlndeK 
If n <> -1 Then 

If KsgBox("Delete this entry", vbYesNo) = vbNo Then Erlt Sub 
word ^ List!.Text 

fiaiii a Left(i#ard, LnStcfword, ChrCS)} - 1} 
word = word S " ['* A nam A ^)" 

'< Delete word from dragJD dictionary 
If DDSpoechi,DaleteWQrdt''FhBg>ok". ’■Tellhlm'". ward} Then 
Lifltl.Eei&nvelteB a 
Else 

HagBaa "Can^t remove name^' 

End If 
Else 

HagBux ''FleaBe Bolect e name first" 

End Xf 
End Sub 

’ FCanual dial a niunbei 
Private Sub MatiDial-Click {) 

Dim nr As String 

nr = InputBoxC"Enter or say the number to dial") 

If nr <> "" Then Dial ("Manual Dial" A Chr(9) & nr} 

End Sub 

Private Sub DDSpeecbi-Speechltei;ogrLiied(wnrd Aa String, WurdVelue As String) 
Din SearchVord As String 
Din 1 As Integer 

■ Find string In llatboi so ue can higj^gjit it 
SearchWord = Left (word , InStrtword, "T**) - 1) 

Llati,ListIndex = -1 

For i = 0 TO Llatl.ListCount - I 


If SearchWord - I.latJl.LiiTt[l} Then 

Listl.Llstlndex » i 
Exit For 
End If 
Next 1 

Dial word ' Do it 
End Sub 

Private Sub Fonx_Load(1 
Dim e Aa String 
Dim n As Integer 

' Start Dragon If not already started 
If Sot IsDDWinRunningO Then 
If Not StartOmfinO Then 

MsgBox "Can't start Dragon Dictate", vhExciamation 
Eud 

End If 
Bod If 

□DBpeechl.Attach » True 
DDSpeech 1. AddVocabiilary "PhBoak" 

DDBpeechl.AddCroup "FhBook", "TelRum" 

DDSpeBcbi-Vocabulary = “PhBoot" 

DDSpeechl. Croup = "TeDkan"' 

* Loed pbeoe numbers already in vocabulary 
s » DDBpeecbl ,¥ordFirst 
Do While s c> 
n ■ InStrfs, "t") 

UaU .Addltem (LeftU* n - 1)} 
s ■ DDSpeechl.WordNeit 
Loop 
End Sub 

' Double click for those who are speochleas) 

Private Sub Lietl-DblClickt) 

Dial Llstl.Tert 
End Sub 

DDJ 
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PIOGtAMMING PARADIGMS 


Leo and the Lizards 

Michael Swaine 


E mbarrassed at never having read 
Finnegan's Wake, I recently tried to 
struggle through one of the many 
guides to James Joyce's dense mas¬ 
terpiece. AH I got for my efforts, though, 
was a lamentable penchant for portman¬ 
teau words, as in the subhead below. A 
portmanteau word is an invented word 
coastructed by compressing two or more 
words into the space reserved for one. 
‘‘Thissue” compresses ""this issue" and 
"'calmtense" compresses ‘'column con¬ 
tents," as well as suggesting a portman¬ 
teau mood for this month's column: 
calm/tense. You know: Kelax and enjoy 
the roller-coaster ride. 

1 racking the ups and downs of com¬ 
puter technology, the paradigmatic un¬ 
dulations, the huckster hype and the cot¬ 
ton candy fluff of vaporware, has always 
felt to me like a ckty at the carnival To 
lessen any vertigo induced by this col¬ 
umn’s roller-coaster ride, IVe instituted 
die next section , a sort of table of con¬ 
tents for the column. Relax and read on. 

Thissue Calmtense 

* Last year all new product names sound¬ 
ed like Starbucks varieties. This year 
there's a small hut noLsy flurry of new' 
projects that sound like Japanese movie 
monsters. Mozilla, Cryptozilla, Scan- 
dizilla, Ethapzilla, Raptor. Netscape has 
let die lizards loose. 

• Tl:iere's this program called LEO. It com¬ 
bines Knutlvstyle Literate Programming 
with oudines a la Baron. Could an old 
Friend of Dobb's have improved on 
Knulh? 

• Wasn't die Fifth Generation Project a pop 
group back in the 70s? Ncjt exacdy. 

• Quantum computing wakes up in 
chlorophyll. 

• There's this computer c'alled Leo. It may 
have been die first business computer 
* In Paradigm.s Past: Who actually in¬ 
vented the calculator? Please tell me he 
wasn’t called Leo. 

Land of the Lizards 

This spring, Netscape did whai it had 
promis^ and made the source code avail¬ 
able for its Communicator product, invit¬ 
ing the entire software-development com- 


Micbael is ediior-at-largefor DDJ. He can 
be contacted at mszmine@stmtne com. 


munity to join in tlie process of develop¬ 
ing the next version of Communicator, 
and, not incidentally, any products of their 
own they’d like to spin off. Witliin two 
weeks, 100,000 people had downloaded 
the code. 

Some of the code was missing, for the 
very gcxxl reason diat Netscape didn’t con¬ 
trol the copyright on software it had li¬ 
censed from others. Some was missing for 
a dumb reason: the U.S. government pol¬ 
icy on encryption software. Witliin seven 
hours, the missing crypto had been re¬ 
placed, and the U.S. government made a 
monkey of, by Aastralian programmers. 

Days later, James Clark, tlie technical 
lead on the Worid Wide Web Consortium’s 
XML working group, (no relation to 
Netscape cofounder Jim Clark) added his 
XML parser to the Mozilla code base, and 
Netscape released tlie source for JavaScript 
13. And so on. Collaborative program¬ 
ming w'as off and running. 

Netscape likes to call this Open Source 
software. But Netscape didn't invent it 
(and, to be fair, doesn’t pretend other¬ 
wise). l! was called Free Software when 
Richard Stallman seemed to l^e all alone 
out there promoting the spirit of sharing 
wliai he learned at MIT in the ’60s. Stall- 
man's crusade always seemed noble but 
quixotic. Sure, it would be a nicer world 
if everyone shared their programming dis¬ 
coveries with their programming peers. 
Sure, technology would progress more 
mpidJy if programmers didn't have to in¬ 
vent tlie virtual wheel every day because 
some earlier wheel inventor had locked 
up the plans. Sure, we’d aU stand taller if 
we could stand on the shoulders of gi¬ 
ants. But software development is (often) 
a business, and intelletiua) property has 
dollar value. 

And so Stallman and the GNU heroes 
labored almost unknown. Until the Web 
arrived. 

Maybe it was just because tlie suits 
hadn't figured out yel how to make mon¬ 
ey on the Web, maylie it was liecause the 
Web got its start among academics, but 
for some reason the tods of choice among 
webmasters w'ere often free tools, Linux, 
Perl Apache. The Apache Web server’s 
name even suggested the collaborative de¬ 
velopment process that Netscape is en¬ 
couraging— a patchy construction, a quilt. 
And Netscape’s cofounder was lx>ih savvy 



enough to understand the virtues of the 
approach and gutsy enough to push his 
company to put on a quilting b^. 

Ncjw, thanks to Netscape and Marc An¬ 
dreessen, tlie Free Software/Open Source 
movement has momentum. Let's hope it 
continues. One place to watch or join the 
movement is hup ://www, mozilIa.org/, but 
there's also http://www.opensource.org/. 

The Tangled WEB 

1 have recently been looking at a source 
code editor whose author provides the 
source code w'ith the produa. Although 
I think that Ed planned to release the 
source for LEO long before Netscape did 
ditto for Communicator. 

LEO was inspired by Donald Knuth's 
mcxlel of literate programming. Its inven¬ 
tor, Ed Ream, who also invented RED 
(which long-time DDJ readers will recog¬ 
nize as a text editor published in DDJ 
some 15 years ago), lias been fiddling witli 
literate programming for over a decade, 
but it never quite worked for him. 

Literate programming came onto the 
scene about tlie time Fxl wiote RED. Knulh 
published the first paper on literate pro 
gramming, and tlie liiguage-plus-pnigrams 
tliat embodied it, back in 1984. Looking 
for a three-letter English word that hadn’t 
already been applied to computers, Knuth 
decided to call his literate programming 
system WEB. (Later CWEB, but I’ll use the 
earlier term as a generic here.) 

Wlien you write a program in WEB, you 
break your code down into sections, and 
these sectiorLs, written in C or Pascal or 
whatever plus syntax, .serve as the 
source code for two different WED rou¬ 
tines. One pitxliices documentation tliat 
describes the program clearly and facili¬ 
tates debugging. Its output goes to a text- 
foniiatting program such as Knuth's own 
TEX. 'fhe other produces the machine- 
executable code, which serv'es as input to 
a compiler or interpreter. Since tlie same 
source generates both the documentation 
and tlie executable code, they are sure to 
be consistent with one another. The best 
introduction to literate programming is the 
Ixxik of the same title, by T3onaId E. Knuth 
(CSII Lecture Notes No. 27, 1992; ISBN 0- 
937073-B0-6). 

Ed's problem with WEB was that it w^as 
too hard to know w'hen to neate new' sec¬ 
tions and to keep track of all the sections 
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Paradigms Past 

I I .seems like a simple question: Who 
invented the calculaioif' But ques¬ 
tions of palemity are often tricky. Ac¬ 
cording to the U.S. Patent Office, the 
inventor was a bank clerk in St, Louis 
named William Seward hurroiigh.s, in 
1886. Burroughs, the namesake and 
ancestor of beat author William S. Bur¬ 
roughs, built hotli a calculator and a 
company to sell it ( American Arith¬ 
mometer Company, later Burroughs 
Adding Machine Co. ). 

But Burroughs was beaten to the 
punch (by fully 66 years) by one 
Charles Xavier Thomas, Thomas of 
Colmar to Iris friends, who built the 
first commercial mass-produced cal¬ 
culator in 1820. It could add. subtract, 
and multiply, and, If you helped it a 
little, even divide, li took up most of 
a desktop, and continued to be sold 
for 90 years, 

Tom had got the idea, tlrough, from 
a 17th cenuiry invention of Gottfried 
Wilhelm von Leibniz. Leibniz’s 
Stepped Reckoner was definitely a 
calculator: It added, subtracted, and 
did multiplication by repeated addi- 
tion and shifting. Although Leibniz 
was an early booster of the binary 
system, his machine was decimal. 

But Leibniz wasn’t first: Three years 
Irefore he even planned his machine^ 
a Brit named Stimuel M^jHanr! had built 
a machine for toting up (decidedly 
nondecimal) British currency. 

Was Morkmd the first? Nope, Both 
he and Leibniz had merely expanded 
on an invention of BlaLse Pascal. The 
Pascaline. built in 1642 for Pascal's tax- 
collector dad, was (aha!) the first dig¬ 
ital adding macliine (and die first dig¬ 
ital business machine), Pascal sold 
about a dozen of them. But the story 
doesn’t end there. Still earlier, in 1624, 
a fellow named Schickard had built a 
Calculating Clock tliat could add and 
subtract. If you really needed to mul¬ 
tiply, you could use the slide rule af¬ 
fixed to the front. 

And even eadier, sometime in the 
1500s, an artist drew some (recently 
discovered) sketches for a median leal 
device that would add and subtract 
numliers. When a machine w^as built 
based on these sketches, it actually 
worked. 

Tlie name of tills artist, arguably the 
true inventor of the calculator, was 
Leonardo da Vinci. Anodier Leo, 

^M.S. 


once they werc created. Me now^ ,says that 
‘Hat literate programs have too little struc¬ 
ture.*’ His solution: Add outline.s. 

Tliere's a devilish iremy in Ed’s decision. 
One reason that Knuth chose the name 
WEB for liis system was lluit he was com¬ 
ing to realize tliat programs are better un- 
dersUXKl as webs than its lucrardiiat! struc¬ 
tures. Me wanted to get away from 
top-down, hierarchkul programming mcxl- 
els. WEB was designed to allow^ pn)grajn- 
mers to write top-down, Ixirtom-uji. srane- 
of-eadi, or stream-of-consciousness, .md 
.still be able to ctjnvey to a human reader 
the relationships anitmg the parts of the 
program. Ed put back the hier^irchy, using 
More, the outliner from LIserland written 
by Dfujg Baron el al. as his model. 

What weVe talking about here: An ouL 
line coasisis o\' headlines that can he 
mtwed simply by dragging them. Each 
headline contains Ixxiy text. 1 leadlines de¬ 
fine the organization of the document; a 
parent outline can contain zero or more 
children. Children are indented I nan tlieir 
parents. You can expand or <.:ontraci head¬ 
lines .simply by double-clicking near the 
headline. (Yes. double-clicking. Ed is cur¬ 
rently developing on a Mac, althc:>ugh his 
real Uttget platform is RJiapstKly.) lid sfjon 
decided tiiat outlines stjlved all his prob¬ 
lems with literate progiuii lining. Sinc’e then 
he’.s lieen doing all his programming us¬ 
ing and literate outlines, and says heel 
never w illingly program in any other fonn. 

Knuth has said the same thing abc}Lit 
bis approach, hut, as Ed points out, the 
programming world has not Ixraten a path 
to Kniith’s dtK>r demantlmg WEB. Maybe 
it lacks sorrtetliing, MayBe tliat something 
is outlines. 

LEO i,s specifically a text editor for C 
programs (it also supports C++ and 
Objective-C syntax). It employs a simple 
language called SWEB, based on Kaiutli’s 
WEB, but considerably simpler (Ed took 
out all the typesetting ctxle). Your pro¬ 
gram is expressed primarily in the body 
text of headlines dial you ca^ate. Tills iKxiy 
text consists of plain C (C++, Olijective- 
C) code, with additional directives defined 
by die SWEB language. You use LED’s 
Tangle comniEmd to translate die SWEB 
code to C code. 

Tlie combinalion of outlines and SWEB, 
Ed claims, makes programming signifi¬ 
cantly easier and more fun. And while out¬ 
lines impose a hierarchical structure, they 
don’t impose a single hierarchy. You can 
organize and reorganize your program at 
will, creating different views and organi¬ 
zations of the same program. 

Leo in Action 

In LEO or in WEB, you use this notion of 
seaions to structure your code. Ed claim.s 
several virtues for sections: 


• A section name is more descriptive tlian 
a I Linctlon name, and iielps create self- 
documenting code. 

• Sections provides a convenient place tor 
lengtliy comments that would otherwise 
clutter up code. 

• Sections can be used to define nonex¬ 
ecutable ccxle such as data structures. 

• Defining sections is easier tlian defin¬ 
ing macros or functions: there is nev¬ 
er any need to create prototypes for 
sections. 

• .Sections may access the local variables 
present wdiere the section is refer¬ 
enced, just as in a macro expansion. 
Usually this is exactly wiial is wanted, 
and there is no need lo define and 
pass parameters, 

As I .said, Ed is making the .source to 
LEO available (not for free, though, and 
SLibiect to a license tliat I haven’t seen yet). 
Example I is a snippet of the ctxle for the 
prinl function, writ ten using LEO, to 
demon.sirate that cr>ding w-ith LEO isn’t 
too u ni a mi liar. 

Up, Up, uni Away 

I was wondei ing w4iatever became of the 
Japanese Fifth Generation Computing ef- 
ftm, so I did some research. 

In 1981 Kazuhiro Fuchi announced the 
Fifth Genenition Project, the same year 
U. S. arti 11 c i al - i n tel 1 igence p i t meet Ed wa rd 
Feigenbaum started the first successful 
artificial-intelligence company^ Tekntm- 
ledge. The following April, die Fifth Gen¬ 
eration Project was officially launched with 
a niultimillion-Yen budget to develtjp litird- 
w'are and software, focusing on parallel 
prtK:essing and logic, to stslve problems 
reqtiiring inference. 

Hundreds of researcliers worked on the 
project at any one time, and it became 
one of the best training grounds for com¬ 
puter scientists in japan. Five different 
computers came out of the project over 
the next ten years, as w ell as a special¬ 
ized opentting system, database systems, 
and programming tools. In 1992, at the 
end of the project, Feigenbaum visited 
Japan and judged the Japanese wrork to 
be at least on a level with work done iii- 
dependendy in die U.S. Some of die work 
was definitely die most advanced in the 
wwld. But traditional PCs and worksta- 
lions soon surpassed the power of the 
Fifth Generation hardware. And the soft¬ 
ware, written for the obsolete hardware, 
was laigely ignored. In 1992, The Ministry 
of International Trade and industry grant¬ 
ed the researchers a two-year extension 
to port die software to UNIX, and the Fifth 
Generation Project dissolved in 1995. 

The software, which was placed in the 
public domain, may yet be used on 
IJNfX-liased highly parallel multiprocessor 
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void print(void) 

C 

FTAG(»'print") j 

<<< Define print vars »> 

STATB(ftag): 

<<< Return if there is nothing to print >>> 

<<< Save the old port >>> 

PrOpenO : if (PtErrorO 1= noErr) goto done' 

«< Create a TPrint Record, goto close on error >>> 
cur_res_file == GurResFileO ; 

PrValidate {priiit_h) : 
if [PrJobDialog(print_h) == FALSE) [ 
cancel_flag = TROEi goto close; 

) 

<<< Initialize the page counts >>> 

<<< Warn about any print errors >>> 
done: 

<<< Restore the old port >» 

STATX{ftag): 

} 


machines, but the most important out¬ 
come of the Fifth Generation Project may 
be that it gave an unparalleled educa¬ 
tion to a generation of young computer 
scientists. 

Two Bits Make a Quantum Leap 

Man was not meant truly to understand 
quantum physics. Not this man, anyway. 
I read a lot about it, and just when I think 
IVe really understood some crucial con¬ 
cept, I look at it from another point of 
view and it makes no sense to me. 

When quantum computing Lakes over, 
I’m going to be in trouble. Fortunately, it 
looks like quantum computers won’t 
bump the PC off my desk or yours. They 
will be used, when they are actually prac¬ 
tical, for certain specialized tasks, such as 
factoring large numbers. Okay, some of 
you are thinking of reasons why you 
might want to factor large numbers on 
your desktop PCs. Maybe you’ll have QCs 
alongside or instead of your PCs. 

By enccxling information in spin states 
of a proton, say, wliich exist as a super¬ 
position of botli 0 and 1 until a measure¬ 
ment is made, a QC can theoretically ex- 
pbre different paths thnougli a mathematicaJ 
problem simultaneously, making them use¬ 
ful for factoring and cryptograpliic woric, 
But quantum computei^ are a bng way 
from practical today. IPs amazing enough 
that they are even considered passible. 
Now Isaac Chuang of IBM’s Almaden Re¬ 
search C^ter and Neil Gershenfeld of MTI' 
are claiming that they've buHt one and that 
it can answer two questions about four 
numbers, like which of the number 1, 2, 
3, or 4 is greater than 2 and odd." The 
"computer’’ consisLs of the nuclei of a car- 
lx)n atom and a hydrogen atom in a chlo¬ 
roform molecule, manipulated by mag¬ 
netic fields and radio waves. 

According to Lov Grover, a physicist at 
AT&T Bell Labs, Chuang and Gershenfeld 
have demonstrated "that quantum com¬ 
puting works, not just with pencil and pa¬ 
per, but in the lab.’" 

LEO Gets Down to Business 

The first business computer was not a 
quantum computer but a cold-cut com¬ 
puter. it was built by a British catering 
company, according to a new book by 
David Caminer, John Aris, Peter Hermon, 
and Frank Land ( LEO: The Incredible Sto¬ 
ry of the World 's First Business Comfniiei^, 
McGraw Hill, 1997), 

If ihafs not weird enough for you, how 
about this: In 1947, two bean counters 
from Lyons & Co., the catering company, 
visited the Princeton lab where ENIAC 
was Ixring built. They went home and told 
management, in effect, "We oughlta get 
us one of these things.’* Lyons funded 
some computer research at Cambridge, 


Example 1: Sample LEO code. 

where some of the Fundamental steps in 
inventing the digital computer were be¬ 
ing taken, and a couple of yeans later took 
the fruits of that investment, liired some 
engineers, and built a computer. They 
were up and mnning with custom catering- 
business software by 195T 
The computer was called the Lyons 
Electronic Office, or LEO. Then again, es¬ 


tablishing firsts in computer history is like 
defining nationhood. A fictional Irishman 
once defined a nation as "the same peo^ 
pie living in the same place. Or also liv¬ 
ing in different places/ Thai was Leopold 
Bloom, from James Joyce’s Ulysses, and 
another Leo. 

DDJ 
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audio +video+ chat events for developers 


Announcing TechNetcast Daily Briefings... 
Programmer news, opinions, reviews... A high-voiume 
burst of TechNetcast packets... daily! 


News 


Visit technetcast.com for daily news digests and video briefings. Specifications, 
product releases, events... the latest technology news for programmers. 


Upcoming Programs^send us advance questions; dd 


Mozilla.org. Open Software . ,^^^^^.'?vwith Tom Paquin, ^ mozilla.org 

Graphics Programming: Reactive Animations.with Conal Elliott, 

.Mircrosoft Research 


CORBA.with Andreas Vogel, Visigenics Software 

MS DCOM.with Roger Sessions, ObjectWatch Inc. 


^ And live coverage from Win-Dev East 98 and Web 98 

^ Check Web site for broadcast dates 


Regular AudioColumns 


Radio Flames by Michael Swatne..bi-weekly, audio + text 

Silicon Valley Chronicles by Jean-Louis Gass^e....weekly, text 

Dr. Ecco’s Omniheurist Comer by Dennis Shasha.monthly, audio + text 


Archives 


JavaBeans and Component Object Programming with Larry Cable 
Component object programming is changing the way software is written. 
JavaSoft's Larry Cable presents the latest in Java component technology. 

IPv6, IP Next Generation with Bob Hinden 

Catch up with the latest news and get the technical details about the next 
generation Internet Protocol with I Png WG Co-Chair Bob Hinden 

XML, Extensible Markup Language with XML WG Editor Tim Bray 
XML adds a new dimension to web publishing by making possible the public 
distribution of documents of any type, including, but not limited to, HTML. 
Find out what the hype is about and get the technical scoop with XML 
spec editor Tim Bray. 

Thinking in 00 with Bruce Eckel 

Through his books and articles, Bruce has helped thousands of programmers 
better understand the complexities of object-oriented programming in both 
C++ and Java. 


Special Events 


Learn about BeOS development with our coverage of BeDC. Includes 
interviews with Jean-Louis Gassde, the BeOS engineering team (BeOS 
system internals) and Be application developers (developing commercial 
Be applications). 

host: Philippe Lourier 
email: ddj@technetcast.com 

www.technetcast.com 
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C PROGRAMMING 


Windows CE 

Al Stevens 



L ast month, I described my first foray 
into Windows CE programming. I 
talked about tlie usability and perfor¬ 
mance of the first generation handheld 
PC (HPC) devices. I also rued the limited 
ability of this platform to support real-time 
applicatioas. Since writing that column, I 
attended the Windows CE Developer’s 
Conference. This conference is in its fourth 
year and is hosted by MiciTOsoft. Attendees 
are typically C and C++ programmeis who 
are or want to be developing programs to 
run on Windows CE devices. The new 
SDK also supports CE application devel¬ 
opment with Visual Basic. 

Microsoft now identifies three specific 
platforms for Windows CE dcwices, each 
with its own unique programming con¬ 
siderations. 

• First are the so-called PC Companion 
devices, which include HPCs and the 
new breed of Palm PCs. They’re called 
PC Companions, because you need a 
desktop or laptop PC to print, arcliive, 
and transmit your information. Com¬ 
panions have a screen and a GUI with 
a Start Menu and all that. HPC devices 
have keyboards. Palm PC companions 
do not. 

• The second platform is the Auto PC, a 
specialized device for your car’s dash- 
Ixiard. 

• Third is the emlmlded systeras platfonri, 
wliich might not have a screen or a key¬ 
board or any other device other than 
memory and a microprocessor and 
which probably docs have proprietaiy 
devices with custom device diivers writ¬ 
ten by the product developers. 

Tlie Windows CE SDK plug-in to Visu¬ 
al C++ supports all these platforms. 

If you are a big fan of Windows CE, 
you might not like wliai 1 liave to say. In 
my considered opinion, Windows CE in 
its current incarnation isn't there yet. Its 
three platforms, cute and endearing as 
they are, fall .short of adequately sup- 
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porting their respective targeted users for 
different reasons, which rU address later. 
Its development environment—the Win¬ 
dows CE SDK running under Windows 
NT 4.0—is buggy, fragile, and tempera¬ 
mental, as you too will be after trying to 
install it. 

Those opinions notwithstanding, you are 
likely to find gainful employment as a C++ 
programmer who know^s the Windows CE 
development environment because Mi¬ 
crosoft is in full promotional hyperspeed 
and, if the growing anaidance at this con¬ 
ference is any indication, product managers 
and their developers are listening. 

New HPCs 

HPCs have an allure, to be sure. The oth¬ 
er day, I was looking at a display of hand¬ 
held devices at Computer City. A fellow 
standing next to me was slathering over 
a first generation Casiopeia A-H, now re¬ 
duced to half its original price. I told him 
I have one and hate it and said why. He 
pointed to a Palml^ilot and said he couldn't 
understand why anyone would want one 
of those little devices. I answered that 
PalmPOot has dboui a milUon happy users. 
He ignored all that valuable witness, 
turned liis attention back to the A-11, and 
with a glazed stare wandered out loud if 
his company would buy him one. Logic 
cannot penetrate the protective shields of 
an enamored consumer abcjut to part with 
plastic. 

Ail the vendors who exhibited at the 
conference displayed new HT^s with Win¬ 
dows CE 2.0. Each new machine sports a 
sliglitly bigger keyboard than tlie fifst gen¬ 
eration, and several have weU-lit color disn 
plays. Those with monochrome displays, 
even witli their backlighting, continue to 
l:>e unreacltble in all but the brightest of 
lighting conditions. Only two vendors, 
NEC and Hitachi, have keyboards that 1 
v/ou\d consider using to touch-type. Tliese 
maclunes are pricey but have some po¬ 
tential for road warriors. They are not 
pocket rockets, being just a bit smaller 
than the smallest notebook computers. 
Tliey use proprietary battery packs, which 
.sacrifices the convenience of flashlight bat¬ 


teries and adds a charger, powder cord, and 
maybe a second battery pack to what you 
have to lug around. They are companions; 
you still need a desktop connection. In 
other words, new generation HPCs have 
few of the advantages of the original 
HPCs, or of conventional notebooks, and 
most the disadvantages of toth. The form 
factors are growing, but the technology 
has yet to reach maturity. 

Want Your Palm Read? 

During the conference, we learned that 
3Com, purveyors of the very popular 
PaImPilot produa line, had sued Microsoft 
in Europe for trademark infringement over 
the use of the name “Palm PC." We then 
heard that 3Com had prevailed in that ac¬ 
tion, forcing Microsoft to find a different 
name for die line, which several manufac¬ 
turers have already begun to produce. Mi¬ 
crosoft did not comment on this judgment, 
but, witliout enough time to cliange its side 
shows, continued to use the name *'Paim 
PC” to represent those products through¬ 
out the conference. After tlie conference, 
we learned tliat tlie new MicTOsoft moniker 
would henceforth be “Palm-size PC." 

Several booths allowed anendees to try 
out Palm-size PC devices. My first reac¬ 
tion: Microsoft doesn't get it. The Palm- 
Pilot is popular because it is .simple and 
t^sy for users and programmers. PalmPi- 
loLs do not have multitasking, Contrd Pan¬ 
els, Registries, drivers, and exotic Setup 
programs to confound programmers and 
confuse users. Palm-size PC devices, on 
the other hand, have all tliat. Tliey are nar¬ 
row Windows CE devices without key¬ 
boards. Tlie Windows UI paradigm, com¬ 
plex enough on desktops and marginal at 
best on HPCs, doesn’t port well at all to 
the smaller Palm-size PC form factor. 
(Tliat’s twice. “Form faaor” Ls a new buzz- 
piirase to add to your lechnocabulary. Ev¬ 
ery pitch at the conference was liberally 
sprinkled with form Taaors.) 

My reaction to tlie Palm-size PC? All con¬ 
ference attendees were promised one to 
be mailed in a month or two when the lit¬ 
tle boxes are in full production. Til reserve 
final judgment until I get mine (assiiniing 
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that lowly mecnbers of tlie press qualify 
for die freebie; Tm sure not going to buy 
one). At first glance, the produa line looks 
like a knee jerk reaction to soineone 
(3Com) who is making a lot of money sell¬ 
ing a computing device that Microsoft does 
not control. 

Auto PC 

The second Windows CE platfonn is the 
Auto PC, which is a device to !>e installed 
in tile dashboard of a car. It i.s voice ac¬ 
tuated and presumably can send and re¬ 
ceive e-mail, trade stocks, and do otJier 
urgent tasks tliat rannol wait until you get 
where you are going. It also reports on 
your car’s status—something that gauges 
and idiot lights apparently no [anger do 
well enough— and connects to a GPS so 
you don't get lost on your way to die lo¬ 
cal cyber cafe. There were diree luxury 
cars parked on the conference tradeshow 
floor. Attendees could climb in and try out 
the Auto PCs wiiile spectators viewed the 
devices on video monitors. Every time I 
went to look at one, somebody was sit¬ 
ting in the driver’s ,seat, yelling at the de¬ 
vice, trying to get it to do something. 1 
overheard a young programmer express 
his enthusiasm alx)Lit the Auto PC after 
climbing out of the Jaguar convertible. 


^^Wliai a cool device! TVe got to have one! 
As soon as they are available, I'm getting 
one, for sure!” Then, after a pause he 
added, ‘‘I guess TH have to get a car, too.” 

The voice-recognition Auto PC opens 
a whole new arena for road rage. Instead 
of dipping die bird or shooting out some- 
cme’s tires, you can pull up next to their 
convertible and yell at tlieir Auto PC, “Buy 
ID,(XX) shares of Ikirland!” or "Forward all 
personal e-mail to wife!” 

1 give Auto PCs die same chance for 
universal acceptance that pen computing 
cm joyed a few years ago. Maybe Genera¬ 
tion X or w iKX^ver follows them into tfie 
21st century will find compelling uses for 
this new^ technology while it w'aits lor 
some important problem to solve. Re¬ 
member CR radio? J’m hanging on to my 
road maps and watching the mech;mical 
fuel gauge at least for a while. This skep¬ 
ticism kept me from going to any of the 
Auto PC technical sessions, so I have noth¬ 
ing more to report, 1 just don’t see any fu¬ 
ture in it. 

Embedded Systems 

Microsoft is positioning Windows CE as 
an embedded oper^iting-system platform. 
The company presents tliis position as if 
ii was the plan all along, but I smell revi¬ 


sionism. Every session that addressed the 
Embedded Developer’s Kit (EDK), or em- 
liedded development in general, paid lip 
servic’e to real time requirements. It grudg¬ 
ingly acknowledges that Windows CE, 
which uses the Windows operating mod¬ 
el for sending notification messages to ap¬ 
plications in response to events, is not a 
real-time operating system. Windows CE 
rSRs cannot be nested; an event cannot 
interrupt an interrupt service routine. Tltey 
suggest tliat a program should signal a 
thread from its ISR and exit the ISH as 
s(x>n as possible to permit other intenupLs 
to be sensed and processed. The me¬ 
chanics of a thread receiving a signal in¬ 
volves the Windows messaging system, 
which sends a notification message to a 
window' whenever the heck it feels like 
it. Windows CE 2.0, the current version, 
does not correct this problem; neitlier does 
2.1, soon to be released. Microsoft ex¬ 
pressed its commitment to solving die real¬ 
time is.sue with interrupt and ISR latencies 
of 50 and 100 microseconds in a future 
version; they .seemed surprised that a sig¬ 
nificant majority' of the attendees were em¬ 
bedded system programmers. 

This apparent real-time support defi¬ 
ciency in Windows CE prompted many 
uflline discussions. At lunch one after¬ 
noon, one of the guys polled for a con¬ 
sensus definition of “real time." Those at 
the table generally agreed that real-time 
requirements are a function of the appli¬ 
cation and can be expressed in measure- 
menis dial range from nanaseccjnds to fc^rt- 
nighls. I low fast must a system respond 
to an external event and what are die con- 
.sequences if the response is late or lost? 
Is the user taking an online examination, 
trading stocks, piloting a spacecraft, or 
stitching a microscopic suture during by¬ 
pass surgery? From that consensus we 
agreed tliat Windows CE could claim to 
be a real-time operating system only for 
applieations with real-time requirements 
titai fit wdtliin CE's operating envelope. 

In other words, you can’t define real 
time outside of the context of some spe¬ 
cific real-time requirements, Given that 
vague definition, a batch payroll system 
could be called real time if it consistently 
delivers paychecks to the employees by 
quitting time on payday. Wliich is why I 
reject that definition. 

Until Microsoft adds ime real-time sup¬ 
port, it cannot credil.’Jly claim that Win¬ 
dows CE is a serious player in die em¬ 
bedded operating-system market. 

C-I-+ Excepti0n Handling: Why Naf? 

During severtd technical sessions, die pre¬ 
senters painted out that Visual C++ does 
not support .Standard C++ exception han¬ 
dling (die try/throw/catch idiom) when 
compiling to a Windows CE target. Diey 
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made vague references to platform in¬ 
compatibilities. Tliat reason does not make 
sense to me, C+-<- exception handling is a 
language issue impletr^ted In code. Its 
implementadon has nothing to do with 
the platform, The compiler emits code into 
statement blocks that can throw excep¬ 
tions. That code stores in a table some¬ 
where the addresses of automatic in¬ 
stances of classes that have destructors 
and the addresses of the destruaors. Tlie 
throw mechanism uses that table to call 
the destructors as it unwinds the stack. 
It's just code tliat occupies memory. 

The only valid reason I can see for dis¬ 
abling the feature is because of the added 
overhead. I surmised that a platform with¬ 
out enough memory to support exception 
liandling isnt going to l:)e able to do much 
recursion or store and pass any sizable in¬ 
stance variables. In other words, it isn't 
going to be able to support languages 
such as C and C++ that use the stack for 
local variables and function arguments. 

T stopped by the Metrowerks IxxDth to 
look at the CodeWanrior compiler for Win¬ 
dows CM. They told me the satne story. No 
C++ exception handling or RTTI liecause 
of platform restrictions. Figuring I'd have 
a better chance of talking to a compQer 
builder at Metrowerks, 1 called the com¬ 
pany. It turns out that Metrowerks fully in¬ 
tends to include exception handling sup¬ 
port in a future version of its CE C++ 
compiler. Metrowerks just hadn’t done it 
yet. Bui it has successfully implemented 
the feature in the Metrowerks PalmPilot 
ctimpiler, wiiich has a much smaller CaliemJ 
form fador than the typical CE device. 

PaimPibt 

My latest electronic toy acquisition is the 
3Q)m PalmPilot. I got one because it was 
on sale, because it actually fits in a shirt 
pocket, because everyone I know who 
has one likes it, and because there is a 
C++ compiler for devebping applications. 
Tliis is one deligittful little machine. Its el¬ 
egance is found in its simplicity. TU report 
more when 1 have die Metrowerks com¬ 
piler and can build an application. 

The Windows CE SDK 

Last month, I told of my frustrations get¬ 
ting the SDK installed and working in a 
new NT system. The conference materi¬ 
als included the latest SDK version, one 
tliat supports 2,0 and the new platforms. 

Since last montli, 1 had learned that Vi¬ 
sual C++ and Intemet Explorer 4.0 are not 
compatible on NT 4.0. When both are in¬ 
stalled and you run Developer Studio, 
something happens internally that screws 
up the Registry irrecoverably. The symp¬ 
tom shows up when you try to log in as 
other than an administrator. Things stop 
working and go downhill from there un¬ 


til they reach bottom and NT won’t boot. 
Because of that, I had to reformat the 
NTFS drive, reinstaU NT, and start over 
again. 

1 installed VC++ 5,0 and the new CE 
SDK on my clean NT workstation. Fol¬ 
lowing the instructions, J reinstalled Ser¬ 
vice Pack 3- Something in this procedure 
caused NT’s Remote Access Server to 
refuse to start. 1 removed and reinstalled 
Remote Access Server. All anempts to ac¬ 
cess the CE device from this point forward 
forced NT into an unstable condition in 
need of a reboot. 

Those of you who have had this expe¬ 
rience or sirriilar ones are nodding grave¬ 
ly and feeling my pain. Those of you who 
had no such problems are gnashing your 


teeth and preparing to fire off e-mail to 
tell me what an idiot I am, 1 don’t know 
which group is the majority, but this I do 
know: Until Microsoft makes this devebp- 
ment environment more stable, program¬ 
mers are going to look elsewhere for a 
way to write CE programs— or for l>eEer 
platforms to support. 

I do not have a happy ending here, I 
am overdue on this deadline and the prol> 
iem remains unsolved while I write. Sure¬ 
ly it can be solved, and certainly I will 
solve it, even if 1 have to call in my secret 
weapon (my daughter Sharon) who is a 
Microsoft Certified Systems Engineer on 
the NT platforms. Til let you know. 

DDJ 
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JAVA Q&A 


How Do I 

Aaron Michael Cohen 


Process Images with Java? 



T he java API define^s an abstmct imag¬ 
ing model that can be used to display 
and manipulate both static images and 
sequences of images. The imaging 
model is defined in terms of the interac¬ 
tions l^etw^een an abstract class, Image, and 
three interfaces: ImageProducer, Image- 
Consumer, and ImageOhsener. These in¬ 
terfaces and their support classes are de- 
finc’d in the java.awt.image package. 

The Image abstract class represents a 
platform-independcTit displayable image. 
Images can be created from image hies 
loaded from the local file system or over 
a network using getJmage(lJRL uri) or 
getImagedJRL uri String name). These 
Unctions will only succeed with files us¬ 
ing one of the supported file formais. Cur¬ 
rently JPEG and GIF file formats are uni¬ 
versally supported 

Images can alst> be created with a call 
to the createlmageO function of an AWT 
Component or available Toolkit object. 
There are several forms of the createlm- 
age() function: 

• Image crealeImagedmageProducer 
source) creates an image from an ob¬ 
ject implementing the ImageProducer 
interface. 

• Image createlmagednl width, int height) 
creates a blank image of a given size 
that can l:)e drawn on using a Graphics 
ohjea, 

• Image creaielmage(hyte{J imagedata) 
creates an image from JPEG or GIF for¬ 
mat data stored in an array. Only avail¬ 
able in Java 1.1 or later. 

• Image crmtelmagc(f}y>telj imagedata, M 
offset, int ietigtb) creates an image from 
JPEG or GIF format data stored in liniglh 
bytes of an array starting at tlie given off¬ 
set. Only available in Java 1.1 or later. 

One of the cmatelmagei ) methods lets 
you create an Image from an ImagePrt>- 
ducer. You can retrieve the ImageProducer 
associated witli an image hy using the Im- 


Aaron, who is a staff engineer at Intel 
where he deielops video teleconferencing 
systems, is also the coauthor o/Win32 
Multithreaded Programming (O Reilfy & 
Associates, /997X He can tw contacted at 
alcoheft^ixMetcom,com, or http://wmv 
. netcom,com/~alcoben/. 


ageProducer getSource() method of the 
Image class. 

Drawing onto an image is accom¬ 
plished by using the methods of the 
java.awt,Graphics class. Create a Graph¬ 
ics object associated with the image by 
using the getGmphics() method. Anyone 
who has programmed in Java even a lit¬ 
tle has written the code to draw an image 
into a existing Graphics context by call¬ 
ing drawimagel) inside a Componenfs 
painK) handler, so 1 will not cover that 
in more detail here. 

An image also has properties such as 
width and height, which can be retrieved 
with methods defined in llie Image base 
class. Java has the built-in capability to 
dfjwnkxid and display images in ilie back¬ 
ground. Becau.se of this it is possible to 
call methods on an Image object before 
the necessary data is available. These 
methods require an ImageOhsen^er as a 
parameter. For example, the getWidth() 
znd getHeightf} methods each require an 
object implementing tlie ImageOhserver 
interface as a parameter. When the re¬ 
quested information cannot be returned 
immediately, these functions return -1. 

The ImageOhserver interface defines 
one meiiiod, imagellpdate (see Example 
1), When an operation on an Image ob¬ 
ject cannot be completed immediately be¬ 
cause the data Is not yet available, a tliread 
is created, which loads the data in the 
liackground. As the data is loaded, image- 
Ipdatel) of all registered image observers 
is called notibring tlie otiserver of progress. 
Tlie img jyarameter refers to the image for 
which there is new information, Tlie in- 
foflags parameter is a set of flags that de¬ 
fine wliat type of information Ls now avail- 
ahle. The meaning of the rest of the 
parameters Is dependent upon the con¬ 
tent of infojlags. Returning true from 
imageUpdatei) requesLs further infontia- 
lion on die image, The function should 
return if the ImageOhserver is not in¬ 
terested in any further callbacks for this 
image. All AW^f componenLs implement 
the ImageObsenfer interface. The default 
behavior repaints the image when addi¬ 
tional pixel data arrives. You usually do 
not liave to override the default compo¬ 
nent implementation. 

So where does the image data come 
from? Each Image Is associated witii an 


ImageProducer, which can be retrieved 
by calling tlie getSource() method on the 
Image object. Tlie ImageProducer is re¬ 
sponsible for delivering the image data 
upon request to ImageComumer objects. 
An ImageProducer object makes calls on 
die methods of the ImageConsumer in¬ 
terface to inform the ImageConsumer of 
the image type, size, and pixel data. Both 
the ItnagePi^ucer and ImageConsumer 
interfaces are defined In tlie java, a wt. im¬ 
age package. The relationship between 
the classes in the Java imaging model 
looks like Figure 1. 

All of the methods of the ImagePro¬ 
ducer class have to do with ImageCon¬ 
sumer objects registering as consumers 
with the producer object and reque.siing 
data. These methods are fairly straight¬ 
forward: 

• mid addConsutnerdmageConsumer ic) 
adds a consumer to die ImageProducer. 
Tlie consumer will be delivered image 
data the next time new data is available. 

• boolean isComumerdmageCotisumer 
ic) determines whether a consumer is 
currently registered with the Image- 
Producer. 

• mid remoteConsumerdmageComumer 
ic) removes the given consumer from 
the producer's list of consumers, 

• mid requestTtpDmmleftR^hlResmdOn^^^ 
ageConsumer ic) requests the prtxluc- 
er to resend its image data in top-down, 
left-LO“right order. The producer may 
chcxise not to honor this request. 

• void startProduciionOmageConsumer 
ic) rt^isters a consumer widi the pro¬ 
ducer and deliver die current image data 
to die consumer as soon as possible. 

More interesting than die mediods of 
tile ImageProducet^ interfacx? are the meth- 
oeb of the interface, which 

an ImageProducer cdils lo deliver the im¬ 
age type, size, and pixel data to the con¬ 
sumer object. These methcxls c'an be de¬ 
scribed as follows; 

• mid seiDimemiomt int undtb, ini height) 
is called to notify the consunier ol‘ the 
image's size. This notification will he 
t^ll^ liefore the first call to selPtceisO. 

• tKJid setCohrModeiCColorModel cm) is 
called with a Coloj-Model parameter, 
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wliich will l^e tlie color [nodcl of most, 
but not necessarily all, of cItc pixels de¬ 
livered to the setPixeLsO ti^ethod, Tliis 
notification Ls optionaL If called, it will 
be invoked before the first call to set- 
PLxeLsf). 

• mid setHinfsfini bimJJags) noiifiea the 
consiitner of the order in which pixels 
will arrive, which the (liter inay use to 
optimize some operations. For exam¬ 
ple, the COMld^FriUSCANUNF^ flag will 
be set if each call to setPixeLsf) will de¬ 
liver entire unbroken scan lines (rows) 
of pixels, and the TOPDOWNLEFl- 
tdGFFF will l>e set if tlic pixels will lie 
delivered in lop to bottom, left to right 
order, This noiification is optional. If 
called it will be before tlie first call to 
seiPLxvisf}. 

• mid setPropLTHad Hashtahle props) is 
used by the consumer to add some 
programmer-defined information to tlie 
image .stream. Tlii.s notificalion wMl be 
called liefore the first eall to seiPixelsf ). 

• mkl se!PLxeIs{) parses the image pixels 
to the consumer by calling this method 
one or more times. Each call will deliv¬ 
er a rectangle of image pixels to the 
consumer. Tlte layout of the pixels de¬ 
livered will ctjne,spt>nd to any informa¬ 
tion sent in an earlier aill to setHints( X 
Tliere are two versions of this method. 
One ivhich receives 32-bit pixel data 
and another which receives eight-bit 
pixel data. 

• mid imageCompletefini stains) is called 
wiilt a status panuneter to inform die 
consumer rliat a complete static image 
has been delivered, one frame of a 
multi frame image has been delivered, 
or 2 m error has occurred. This norihea- 
tion will be called after the last call to 
setPLxeLsf), 


The setPLxelsf ) method retjuires more 
explanation. The full function prototypes 
of the two seiPvceis() functions look like 
Example 2. A portion of the image is de¬ 
livered to an JmageConsumef‘ with each 
call to seiPixeh(), which may lx* as large 
as the entire image, or as small as one pix¬ 
el, Ttie portion delivered in each call to 
sefPvcekX) is a rectangle whase upper-left 
comer is at x,y and has a width of w and 
height of h. Tlte ditta is passed in the ar¬ 
ray object pixels, which has valid data 
starting at pasition offset, and scamize el¬ 
ements lietween each row. What all this 


public boolean iaageUpdate( 

Image img, int infoflagfi, 
int X, int y. int width, 
int height ); 


Example 1: The ImageObserver 
inierjdce. 
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boils down to is that the sample in the 
pixels buffer which corresponds to the 
image pixel(m,n) is at array index offset 
+ (n-y^)^scafmze + (m-xX The only ^d 
pixel array .smnple values are those that lie 
in tlie rectangle described by offset^ 
and scamize. The prcxlucer will continue 
to call seiPixetsO until all of the image pix¬ 
els have been delivered, or an error occurs. 

CoforModefs 

The delivered image data may consist of 
32- or 8-bit samples. A ColorModel is 
passed along with the image data in each 
call to setPixehO so that consumers c'an 
retrieve and manipulate the color infor¬ 
mation in the samples. The data in the 
pixels buffer is defined in terms of the 
ColorModel passed with the pixels. The 
ColorModel passed in the setCohrModel 
call is only a hint to the consumer that the 
majority of pixels will use that model; you 
still need to check the ColorModel passed 
in each call to setPixeM), 

The ColorModel abstract class defines a 
set of functions lliat an inmgeComumer 
uses to map a pixel value to red, green, 
bkie, and alpha values. The functions int 
^iReddmpb^lX irUgetGreen(intpix^), im 
gelBltie( int pixelX and int getAlphadntpix¬ 
el) return the cx>mponents for the given pix¬ 
el value, I^ch color component can take 
on a value between 0 and 255, inclusive, 
with 0 lieing die miiiimum of a component 
and 255 being the maximum. The alpha 
component quantifies the transparency of 
tlie pixel and ranges from 0, which lets an 
underlyuig image shcTw through complete¬ 
ly, to 255, which Ls opaque. 

All ColorModel objects also define a 
function, int getRGBfini pixel), which re¬ 
turns the color of a given pixel value in 
terms of the default color model, which 
is known as the RGBDefault color mod¬ 
el. An instance of the ROBDefanlt color 
model is returned by calling the Color- 
Model static function, getRGBdefaulK ). 
The RGBDefault cobr mcxiel uses 3 2-bit 
data samples and allocates eight bits each 
for red, green, blue, and alpha with a bit 
layout of OxAARRGGBB. 

A ColorModel objea that alkx:ates a por¬ 
tion of die total bits in a sample to each 


(a) 

void sotPixels( int x, int y, 
int w, int h, ColorModel 
cni, bytet] pixels, int 
offset, int acanelae)i 

(b) 

void GetPixels( int :x, int y, 
int w, int h, ColorModel 
cm , int [] pixels , int 
offset . int scansize); 


Example 2: ftmction pnHotypes of 
the ttm sed^ixelsC) functions. 


color component is known as a Direct- 
ColorModeL A cobr model which uses the 
pixel value as an index into a palette of 
cobrs is called an IndexedCoiorModeL Dt- 
rectCoiorModel objects implement func¬ 
tions that albw you to determine which 
bits of the pixel are albcaied to each com¬ 
ponent. These are ini getA^hoMasl^ ), int 
getRedMask(X int getGreenMask(X and 
int getBlueMask( X The RGBDefault color 
model IS a DirectColorModel. 

In general, eight-bit samples correspond 
to palette-based color models and 32-bit 
samples correspond to direct cobr mod¬ 


els such as 32-bit RGB. However, a 6b/- 
orModel is a flexible representation that 
can be used to convert between pixel val¬ 
ues and red, green, blue, and alpha com¬ 
ponents in any way that may be appro¬ 
priate. For example, a topological map 
image could be stored as an array of ints 
witli each sample representing the eleva¬ 
tion of its location. A color model could 
then be created, which mapped the ele¬ 
vation to some standard topological map 
colors. This color model would be an in¬ 
dexed color model, however since the 
samples are stored as integers and not 



Figure 1: Relationship betuieen the basic classes and interfaces of the Java 
imaging model. 
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"DashO'Pro is great. It has allowed 
us to address the issue of our prad- 
uefs, Dingl, download size being rcla- 
llvely large. Before we had a download 
size of 2.SM, now we □ doivnload 
size of slightly over IMB." 

- Ray Santiago, Atllvcrsc, Inc 

"Obfuscation is enormous^ useful, 
because it protects our Intelkcluat 
property. After running Eny code 
through DashO-Pro. I found there were 
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ihe program * 
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bytes, it could have rruiny more than 256 
entries and thus very fine shading of col¬ 
or to represent changes in geography. 

Image Processing 

Image processing with Java is accompEshed 
asing image filters, which are objects de¬ 
rived from the ImageFilter base class. The 
ImageFilter class implements the Image- 
Consumer interface to receive the pixel 
samples for tile image to processed. An 
IniageFUter luis a protected meml’jer vari¬ 
able, consumer^ which refers to the Im- 
ag/eCmmime}- downstream of the unage fil¬ 
ter. Essentially, an ImageFUter Is an 
hnageConsumer that manipulates the in¬ 
coming pixel data and forwards tlie results 
to another ImageComumer ol>ject, 

As the image filler proce.sse.s the sam¬ 
ples received in its setPLxehf) function, 
the filter sends the processed samples 
di Jwnstream by passing tine samples to the 
setPixebf ) function of its consumer. The 
image filter can pass the pixels to its con¬ 
sumer as it receives and processes tlie 
samples, or the filter can save the raw or 
processed pixels in a buffer and send tJieni 
all at once to the consumer when the fil¬ 
ter's imageCompieM) method is called. 
The default implementation in the /m- 
ageFUter base class is a null filter. For each 
call to selPixelsi ), the liase class simply 
calls the corresponding function in die 
consumer without modilying the samples. 
The rest of the methods inherited from 
the imcigeConsumer method are similarly 
forwarded to the dtxvnstream ccmsumer. 

The java API includes a few built-in fil¬ 
lers to Itantlle common tasks. The Repli- 
cateScaleFUier will stretch or shrink an im¬ 
age to a given size by dropping or 
duplicating sample.s. The AreaAmrag- 
ingScaie flitei' resizes an image using a bi¬ 
linear inteqx)lation algorithm. Tlie Cmplm- 
agcFilter extracts a rectangular subimage 
from the original image. 

The FifferecMmageSource class 

Given that you liave an instance of an Im- 
ageFilter objea, how^ do you apply it to 
an image? This is where the Filtef'edhn- 
ageSource class comes in. An instance of 
the FilteredImageSource class is an fm- 
ageProducer that creates a new image 
source froin a given ImageProducer and 


an ImageFUter. The resulting image source 
produces an image whicfi has l:>een pro¬ 
cessed by the image filter. 

FaXample 3 should make tliis clear. First, 
an image is loaded from the local file sys¬ 
tem using the default toolkit. Then an 
AreaAveragingScaieFiiter is cheated wiiich 
will scale images to half the size of the 
original loaded image, Next, a FiUered- 
ImageSource object is created from the 
scaling filter and the ImageProducer of 
the original image. Finally, sn Image ob¬ 
ject is created from the new FUtervdlm- 
ageSource. Basically the FilteredImage¬ 
Source coastructor adds an image 
consumer/sourte pair in ixtween the orig¬ 
inal ImageProducer and any future con¬ 
sumers. This process can lx: refx^ated any 
number of times to create an image filter 
chain or ‘'pipeline^' see Figure 2. 

It is important to realize that the image 
data is not actually fillcTcd until it is re¬ 
quested by a ct>nsumer. Typiailly this is 
done implicitly when the image is dis¬ 
played by calling drauimageK ), although 
any IniageCofisumer c’lm start tlie pipeline 
flowing by calling stariProduclionf) on 
the ImageProducer at the end of the 
pipeline. Notice tlial downstream Fit- 
teredlmageSource objects forward deliv¬ 
ery requests upstream. Eventually tlie re¬ 
quest arrives at an image source that has 
image data ready to deliver and this im- 
ageProducer object invokes metliods on 
its registered consumers to push image 
data through the pipeline. 

Image Filters 

There are an infinite variety of filiering 
operations that can lx: applied to images 
in order to enhance or iTK>dify tliem. For 
the purposes of image processing with 
Java, filters can be classified according to 
the information required in order to pro¬ 
cess each sample. liere, we will classify 
image filters iis p<iint operations, geomet¬ 
ric operations, or neighborhood filters. 

Point Filters 

The simplest filters process each sample 
independent of the surrounding samples. 
These filters can \>e simple color modifi¬ 
cations, or can be dependent upon ilie 
pixeEs location in the image. In any case, 
a point operation filter only has knowl¬ 


edge of a single pixel at a time. Contrast 
enhancement, color inversion, and dither 
filters, among others, can be written this 
way. This type of filter is so common that 
the Java API includes a special base class, 
RGBImageFiiler, which makes imple¬ 
menting point operation filters very easy. 

Tlie RGBImageFitler class implements 
all the necessary ImageFUter machinery 
to filter an image pixel by pixel. One alv 
struct function, irrt filterRGBdnt x, inty, 
ini ighj, needs to be implemented. IJiis 
function is called for each pixel in the im¬ 
age and passed the pixel location as well 
as die default RGB cobr imxlel sam¬ 
ple value. Tile filierRGBt) function in the 
derived cla,s,s should return the processed 
pixel value using die 32-bit default RGB 
color model, 

Listing One ( listings begin on page 124) 
is the implementation of die GreyOutlm- 
ageFiller, which demonstrates the use of 
llie RGBImageFiiler class. This filter sim¬ 
ply replaces half of ilie original image pix¬ 
els with grey using a checkerboard pat¬ 
tern. lliis is cm effect which you may want 
to use to make an icon or button appear 
inactive. Notice liow short the implemen¬ 
tation is. All die hard work lias tieen done 
for iis in the base class, 

GreyOutlmagefUter also demonstrates 
the proper w'ay to handle the canfil- 
lerlridexColorMode! protected member 
variable. F'or indexed color images, RGB- 
ImageFiiter aitempts to be more efficient 
by liltering only the color table, not the 
entire image. If the residts of the filter are 
only dependent uptin the color of each 
filter, the derived class should set this 
memher to true, if the results depend 
upon the pixel location, as tliey do in the 
Gre}K)idImageFiiler, tficn canFiltejIndex- 
ColorModel must be set to fahe. 

Geometric Filters 

AiKither kind of filter moves pixels from 
one location in an image to another. Ihese 
are known as geometric traasfomiations. 
lliis is a very broad c'ategory and includes 
many types of filters including horizontal 
and vertical flipping, mirroring, and rota¬ 
tions. The Java API does not provide a 
specialized base class tor implementing 
geometric o[ierations like it does for ixiint 
operations. We need to derive geometric 
transfomi filters from ImageFilter. 

Listing Two implements a filter tliat ro¬ 
tates an image 90 degrees clockw ise. An 
mxn pixel image is transformed into an 
nxm pixel image, w'itli the pixel value oc¬ 
cupying the original upper-left now oc¬ 
cupying the upper-right comer. 

dlie ccxle is longer than dial of the pre¬ 
vious filter because we need to override 
several functions of the ImageFilter base 
class. To properly uMit die image, we need 
to save the width and height paased into 
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Figure 2: Image processing pipeline. 
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Image big„iciage = getDef^ultToolkit, get Image (“lena.jpg**); 

ImageFilter ahrirLker=new AreaAveragingScaleFilter(big^image.getWidthC)/2, 

big_image.getHeight(3 / 23; 

ImageFroducer HOiirce-new FilteredIinageSotirce(blg_iiiiage, get Source C) » 

shrinker): 

Image siiiall_image=createlmage( source); 


Example JL' Using an limgeFilter uiih the Filtered!mageSource class^ 


selDi??jensioris( X pass appropriate hints 
to die base class setHints( J. Notice that af¬ 
ter processing these values, you invoke the 
superclass implementation. For all of the 
fiinaions in die ftmggfiiterdBss except sei- 
PixelsO, you should invoke die superclass 
impleiTientadon to properly initialize the 
base class, passing either the original pa- 
rameteis or values modified appropriately 
fur your implementation. Calling the su¬ 
perclass also ensures that the information 
is passed abng to clovt'nstream coasunieis. 

Image rotation is accomplished hy tak¬ 
ing each TOW of the rectangle of pixels re¬ 
ceived in setPbcelsO and passing it to the 
consumer as a column. We do some coor¬ 
dinate transformation to ensure diat the 
pixels wind up in the oDiiect location. Since 
the filter t^^pically passes a coluinn of pix^ 
els to the consumer, we clear die COM- 
PLETESCANUNES and TOPDOWNLEFT- 
RIGHT flags before we pass the liinLs abng. 

Neighborhood Filters 

Tlie most complex kind of filter that we 
will deal witli here is the neightorhood 
filter Each output pixel is a function of 
several nearby input pixels. Image sharp¬ 
eners, smoothers, liigh-pass filters, and 
general convolution all fit into this cate¬ 
gory'. Usually the pixel neighborhood is a 
small window of pixels centered on the 
pixel being processed. Common window 
sizes are 3x3 and 5x5. There are also "sep¬ 
arable"* image filters wliich process an im¬ 
age, a row, and then a column at a dme. 
In this case, tlie neighborhood is com¬ 
posed of nearby pixels in the same row^ 
or column as the target pixel. 

Ttie implementor of a neighborliood fil¬ 
ter must decide how to handle die image 
boundaries w here there Ls not a hill win¬ 
dow of pixels to proce^ss. Common strate¬ 
gies are to leave die boundary pixels un- 
proc’essed, or to fdl in the missing window 
samples by reflecting the image over the 
edge. The primary reason why imple¬ 
menting neighliortiood filters widi the Im- 
agefiiter class liecomes complicated is tliat 
each call to setPixehl) may pass only a 
small subrectangle of die image. I’he pix¬ 
els at the edges of the subrectangles will 
not lie delivered along with the neigh¬ 
borhood pixels reqiiired to process them. 
Hie easiest strategy to work around this 
problem Is simply to save die image pix¬ 
els in a private buffer as diey are deliv¬ 
ered to setPixcls and process the image 
all at once when imageCompiete( ) is 
called. The fully processed image can Qien 
be delivered with a single oall to the con¬ 
sumer's setFixelsf ) method. 

Hie ShaTpenfmageFilter (available elec¬ 
tronically; see ‘'Resource Center," page 3) 
uses this method to implement a 3x3 
sharpening filter. Nodee that the image to 
lie prfxessed is separated into color com- 


ponemts and stored in four arrays named 
red, green, blue, and alpha. Tills allows 
the filter to sharpen both direct and in¬ 
dexed color model images. 

Chaining Fitters Together 

Applying an ImageFilter to a given Image 
wilh the FilteredImageSource creates an 
image pipeline. If another filter is then ap¬ 
plied to the resulting image, the new Fif- 
teredlrmgeSource is added to the front of 
die pipeline. Each time the image is pro¬ 
cessed it Ls pushed all die way through 
the pipeline. If an image is filtered, and 
then displayed, applying another filter to 
the image results in repeating processing 
that has already been clone as the origi¬ 
nal image source is sent all the way from 
the beginning of the pipe, through the 
previous filters and finally through the 
newest filter. Therefore w hen applying n 
filters in sequence to an image and dis¬ 
playing each intermediate result, the im¬ 
age is actually processed n(n + l)/2 times. 

Tlie Java image processing API Ls flexi¬ 
ble and written tliis way to handle diang- 
ing source images. For example, if the orig¬ 
inal image source were video and not a 
still image, sending each franxf though tlie 
entire pipeline would be the proper thing 
to do. How'ever, it can Lie very inefficient 
when applying a series of filters to a still 
image in an interactive application. 

To overcome this unnecessary overhead, 
the BiiffenngFilteredIniageSource class 
(available electronically) can be used just 
like the FilteredImageSource For still im¬ 
ages, it buffers the result of applying its 
ItmgeFilterio tlie original image, Wlien a 
downstream filter requests image data tlie 
BufferingFilieredlmageSource delivers die 
samples from its internal buffer instead of 
forwarding the request upstream, for im- 
imated GIFs and other image sequences, 
it functions identically to the FilteredIm¬ 
ageSource. Using this class makes apply¬ 
ing a .sequence of filters, one at a tinx?, 
much more efficient since each filter is ap¬ 
plied to an image only once. 

To keep the implementation as simple 
as possible, the BtifferingFilteTedlmage- 
Source mternally uses the FilteredImage¬ 
Source class to actually perform the image 
filtering. An instance Memorylmc^teSoutxx^ 
Ls created and stored in die source mem- 
liei' and functioas as die lmagePrr}ducer for 
tlie buffered, filtered image. If tlie image is 
animated, then no buffering Ls done and 


the FilteredImageSource instance is used as 
the source instead. BufferingFilteredlm- 
ageSource iinplements die ImctgePrmhicer 
interface simply by forwarding the c^lls to 
the source member object. 

Hie only complexity in tlie implementa¬ 
tion Ls die B/hIntemaJCormimer class dial 
the BuffehngFilteredImageSource uses to 
save die processed image in a buffer. The 
Lxiffer is then used to create the Memor}^ 
IrmgieSource. Since die FiltewdlmageSource 
objea may deliver the filtered image syn- 
chronoasly or asynchronously, we need to 
allow for bodi cases. Hiis Ls done hy syn¬ 
chronizing die BufferingfflterecFmc^^urce 
consiructor w ith the irnageCompk^) func¬ 
tion of the BftslnlemalConsimter using die 
object and the done flag. 

The JIPTestApplet 

To demonstrate the filters and classes pre¬ 
sented in this article, use the test applet, 
JTPTestApplet (also avadabie electronic'al- 
ly)j along with JIPTestApplei.html, wliich 
is an HTML page used to demoasrrate the 
applet, Hie applet can lie configured to 
display and process up to ten images. Hie 
filters given in diis article can be applied 
repeatedly using either the Filteredlm- 
ageSource or BufferingFilteredlmage- 
Source. Applying several filters in succes¬ 
sion to a still image will demonsiraie the 
efficiency gained by using the Buffering- 
FiitewdlmageSource. Using the filtered- 
ImageSource^ successive filter applicatioas 
take longer and longer. Using die BuJJer- 
ingFilteredlmageSource, each invocation 
takes the same amount of time. You can 
also use the test applet to explore the re¬ 
sults of applying several filters to an im¬ 
age, for example, the GreyOutFilter fol¬ 
lowed by the SharperiImageFilter. 

Conclusion 

The java image-processing model is 
pow'crful, flexible, imd expandable, and 
can be used to create complex image- 
processing applications. Image process¬ 
ing is a computadonally inten.sive aaivi- 
ty. With a JIT compiler, Java perfomiance 
is more dian adequate for basic process¬ 
ing of mcxlerate sized images. For inter¬ 
preted Java virtual machines or complex 
multipass computatitins, the processing 
should be kept to small images. 

ddj 

(Listings begin on page 124.) 
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Being a Web Professional Requires Some Remarkable Skills 

It takes your entire team working together. To stay on top* you need solid training from the best minds lit the 
business. From the fundamentals of site usability to cutting-edge programming techniques, Web Design 8i 
Development '9S sets the standard for giving web professionals what they need to succeed. Web '98 provides 
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ALGORITHM ALLEY 

Image Segmentation for 
Image Recognition 



Lee Kamentsky 


Good ideas reappear in suq^rising places. When lee first told 
me about his algorithm, I diought he was discussing an old 
llood'fill algorithm—one that 1 remembered seeing long be¬ 
fore it appeared in Ksit Porter s “Graphics Programming' col- 
unin iDDJ\ June 1989). Tliere are good reasons for die simi¬ 
larity: Bodi algorithms rely on a fundamenial insight that applies 
to many data-analysis tasks—where passible, work with 
groups of data, not With single elements. 


Rather than stud>ing a single pixel at a tinie, Lee’s tech¬ 
nique immediately bundles pixels into larger stiuctuj es. As in 
many graphics problems, die natural unit is a horizontal line 
of pixels. By quickly moving the problem from one involv¬ 
ing pixels to one involving lines. Lee reduces his w^ork by an 
order of magnitude. 

—Tim Kientzle 


S ubde variations of color and texture 
in photographic images make it dif¬ 
ficult to clearly identify a foreground 
and a background. It’s considerably 
simpler with ‘"artificiar images, such as 
sc^anned text. The relatively high contrast 
makes it easier to separate pixels, but you 
still have to somehow identify r^ions of 
pixels and extract relevant information. In 
diis article, I’ll describe an algorithm that 
quickly reduces liigh-contrast images to 
a data set that lends itself to image recog¬ 
nition and analysis. Tliis algorithm could 
l>e used to analyze black text on a white 
background, calibration marks on a sur- 
face, red Legas in a toyix>x, or a slide con¬ 
taining blots of a drug being tested by a 
pharmaceutical company. 

The initial stage r)f image analysis usu¬ 
ally consists of two steps— thresholding 
and segmentation. Tliresholcling algoritiims 
cks.sify pixels as either foreground or Ivack- 
gmund, or classify pixels according to tlieir 
fon^iound dass (green, red, and blue class¬ 
es, lor instance, or skin texture, hair tex¬ 
ture, and clothing texture). Thresholding 
algorithms cmi extend past analyzing the 
Fdw brightness or color of a pixel. Some 
involve linear transforms such as convolu¬ 
tion filters and FFTs. Others rely on non¬ 
linear transforms such as iimge dilation. 

Segmentation algorithms group simi¬ 
lar pixels together into coherent units. 


Lee is a software engineer' at CompuCyte 
Corporation. He can be contacted at 
leek@tnsn.com. 


Segmentation is often regarded as a back- 
water of image analysis. However, a 
good segmentation algorithm can yield 
easily analyzable, abstract objects with 
a minimum of processing. The algorithm 
1 describe here has good performance. 
It visits each pixel exactly once, pro¬ 
cessing the pixels in their raster order, 
which maintains cache coherency, im¬ 
proves bus bandwidth and eliminates 
disk ihrashing. Ii yields data structures 
representing connected groups of pix¬ 
els; the data structures can be manipu¬ 
lated to extract information w'ithoui re¬ 
visiting each pixel. 

The algoridim groups pixels into mn- 
length encoded lines. It then groups the 
lines into structures 1 call “‘blobs.’" The 
blobs contain groups of lines dial over¬ 
lap. Thus yields an object that descril:>es a 
set of four-cortnecied (north, south, east, 
and west) pixels, none of which are con¬ 
nected CO any pixel outside of the set. You 
can quickly find a blob’s extent, posidon, 
center, or area. You c’an analyze the blob’s 
toprjlogy ^ind shape. You can revisit the 
pixels widiin die blob to determine dieir 
brightness, coloration, or texture. Tliese 
techniques lend ihemseives to the task.s 
of optical-character recognition (OCR), 
scene recognition (w'here the scene con¬ 
sists of artificial, high-contrast objects), 
and automated chemical analysis. 

The Segmentotion Algorithm 

Suppose you’re trying to analyze black 
text against a W'hiie background. In this 


context, the segments don algorithm looks 
at one raster at a time and breaks it down 
into a series of black lines. Each line is 
compared to the lines on the previous 
raster (the “old line list”) and is either 
added to an existing blob or a new^ blob 
is created. 

If a blob has lines on the old line list, 
those lines are open lines. 1 maintain a 
count of open lines for each blob. When 
the count falls to zero, that blob is fin¬ 
ished and need no longer lie considered. 
Tlie bulk of the algorithm, dien, comsiste 
of walking down the old line list and com¬ 
paring new lines to see how to attach 
diem to blobs. 

The algoridim stans with the genesis of 
a new^ line. The application typically main¬ 
tains a tlireshold and sains until it finds a 
pixel whose value is over the threshold. 
It then starts a line and scans until it hits 
a pixel under tlireshold. llie applicadon 
then builds a line consisting of the X start, 
X end, and the current Y. The line also 
contains a pointer to its blob (null signals 
that the line is unattached) and a pointer 
to the next line in the l>lob. 

Tliere are three possible relationships 
lienveen die current old line and new line, 
as jllustrated in Figure 1. 

* The old line might end before the new 
line begins; see Figure 1(a). 

* Tile new line might end lietbre the old 
line tiegins; .see Figure Ub). 

* The two lines might overlap; see Fig¬ 
ure Kc). 
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If the old line is wholly l>efore the new 
line, it is finished. I decrement its liloh’s 
open line count and^ if die open line count 
has reached zero, add the lilob to the list 
of finished blobs, 1 then advance to the 
next old line in the list. If the new line is 
wholly before rhe old line> tlien we liave 
finished attaching the new line. If no pre¬ 
vious old line overlaps this new line, then 
tlie new line starts a new blob. 

Tlie third case invc^lves fiverlapping old 
and new' lines. Its implemenuttion requires 
two parts: attaching and ending. You at¬ 
tach die new' line to an okl line in one of 
tltree ways. If ti re new line Ls nfit yet linked 
to a likili, we link it to tlie old line's blob. 
If tile ne\v line is already linked to die old 
line’s blob, then you increment die blob’s 


loop count (dlls is a signal diat the blob 
split into two halves tind diese two halves 
have been rejoined by die new line, like 
at die lx>llom of the letter ''O’"). If die new 
line has alrc^atiy lieen linked to a blob oth¬ 
er than the old line’s bloli, then the new' 
line joins two blobs (like at die Ixmom of 
the letter "V''). You meige die two blob’s 
line lists and discard one of die blobs. 

Merging lilobs is an important featLire 
of any segmentation algorithm, rigiire 2 
illuslrales a particularly difficuit example, 
in which three new lines combine ftjur 
.separate blobs. You need io compare the 
ends of the new' and old lines after at¬ 
taching the new line. If the old line ends 
first, you can move caiio die next old line. 
If die new line ends first, then you have 


to increment die blob's open line count 
(lines can now be attached to both die 
old and die new line). You then move on 
to create the next new^ line, 

Tlie algoritlim has one additional mi- 
nf ir complexity: At the end of a raster, you 
either run out of new' lines or old lines* If 
you run out of new' lines, you run tlirough 
a locjp that ends the remaining old lines. 
You decrement the ojien line counts and 
finish any blobs w'hfxse open line count 
falls to zero. If you run out of old lines 
firsu you must create new lilobs fcjr each 
new line until the end of die raster. 

Additional Feoturos 

K's possible to augment this algoridim la 
collect additional infomiation about each 
[>loh. Tve already included die loop 
counts, since ihcxse are so easy to extract. 
Tlie demonstration program makes use of 
the loop count to distinguish the loops in 
bidlseyes: The bullseye rings must be 
closed to he recognized. You might also 
use the loop count to help in distin¬ 
guishing letters; uppei-ca.se “B" and low¬ 
ercase 'fg" are the only letters with two 
kxjps (assuming no malformations). 



figure J: Possible relationships 
hetu^n old and new lines: (a) Old 
line ends first, advance to next old 
line; (h) new line ends first, advance 
to next new line; (c) old and neu^ lines 
omrlap, add netv line to blob. 
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Subject: Re.Good Editor for ’C’ and Assembly Code? 

p-n,» p-p«-r* 

opinion about the "best" programmet-s editor - so what new. . 

Our programming group at ‘ 

came from the UNIX side and were used to emacs, vi, crisp, - 
background in mind, here’s what it boiled down to... 

MicroEdge’s Visual SlickEdr 3.0. Sab^lS Tcrf Sr LTelopment 

user configured to do darn near snyth 9- directory walls 

platforms. It has a p your cursor on a global variable and its 

where the code is actually stored, r nf what fiie/directory ifs actually 

definition showra up in a separate window, _g . ^ ^ j methods/attrlbutes, 

located in. A dependent 

and the source for each is a mouse ctek away- User 

beauWer. Tada - tada-tada{t(»many , 1 , 3^0 one of our users was 

more details www.slickedit.com). 30 _ codewriqht trick in the book. He used 

a die-hard Codewrightiuserl am familiar with 

, and (God love it) VI. 1 am sold on SlickEdit. 

Mv $0.02 (Well, OK. maybe $0.05) -Chuck - 

Download our software 

and you might send us fanmail too. 

Slickiaif 

COTOttMilliEELimL ^ ^ 101124.1997 | | | | ^ 

8*00*^934^3 3*48 www.slickedit.com/fanmail 
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Another group of useful features are ifie 
Image tops and bottoms, I'he tops are 
those lines that were not attached to any 
line above. The total number of tops Is 
one more than the number of merges re¬ 
quired to produce the blob. The bottoms 
are tliose lines that had no other line at¬ 
tached bekw them. Tlie algoritlitii can find 
tliese by setting a flag when first consid¬ 
ering an old line, Tlie algorithm clears tlie 
flag if a new line attaches to the old line. 
You check the flag when finishing the old 
line; if it is still set, you have a bottom. 

Numbers of tops and bottoms by them¬ 
selves can be tused to distinguish shapes. 
Fur instance, the letter has three tops 
and two bottoms for bfjth serif and saas- 
.serif fonts, tlte snruill "m" has three tops and 
tliree bottoms. Positions of tops and bot¬ 
toms are ]’>erhaps more telling; a top di¬ 
rectly alcove a bottom may indicate a ver¬ 
tical line (in character recognition, this is 
typically the leftmcxst stroke of tlie letter). 
It’s ciLiite possible to Ixiild a neural netw'ork 
charaaer recognizer that uses a nunilTer of 
loops, top position, and bottom position 
as its input features; this recognition en¬ 
gine is efficient and provides a confidence 
output along with its judgment. 

Positional information can be recorded 
during segmentation, Tlie algorithm can 
upckite the enclosing rectangle for the blob 
as it adds lines (die top of die blob Is al¬ 
ways one of its starting lines, the bottom 
is always the old line at which the line 
count drops to zero). The algorithm can 
also compute the blob centroid (if each 
pixel wei^^ed die same, the centroid would 
i^e the blob’s center of mass) and area. It 
may I'le more efficient, however, to com¬ 
pute these during a quick trip through the 
blob's line list alter it has lieen finished. 

OpHmixottons 

Ironically, tlie two most expensive parts 
of the segmentation algorithm are outside 
of the algorithm proper. Tiiresholding is 
the most expensive, liecause it reciuires 
examining each individual pixel. U.sing 
table lookups or other techniques that ex¬ 
amine several pixels at a time can help to 
speed this part. A quick optimization may 
be to check for all ones or all zeros. Typ¬ 
ically, though, tiiresholding is sped up 
through hardware assist: The data is 
thre.sholded, run-length encoded, and 
transmitted in encoded form. 

Ihe .second mast expensive operation 
is allocation. Artifacts of image capture 


can often cause a jagged edge at the top 
of an object, Tlie algorithm may create a 
bbb initially for each of these jagged lines. 
Blob creation can be an expensive oper¬ 
ation, even if the blobs are unlinked from 
a private heap. It's possible to modify the 
algorithm so that blobs are created only 
when a previously unattached new line is 
attached to a previously unattached old 
line. Tliis delays blob creation past typi¬ 
cal effects caus^ by aliasing. A single new 
line joining many unattached old lines will 
only create a single blob. 

My implementation maintains an array 
of pointers to lines. This indireaion can lx? 
eliminated by allocating all lines from a sin¬ 
gle array. You can then set an array index 
to tlie first line on the dd line list and fetch 
subsequent old lines by incTenxnting the 
index. It’s possible in many operating sys¬ 
tems to reserve a laige bl^'k of memory 
wiiliout actually allocating die liacking store 
necessary to maintain tlie virtual memory 
image on disk (this is die X^mtaUlioc func¬ 
tion in Windows 95/NT). The algorithm 
can reserve the theoretical maximuni size 
memory required for the worst case ( which 
is half the number of pixels in tlie image 
times die size of a line). The algorithm cm 
perfomi die actual allocation at the l.xgin- 
ning of the raster, enlarging the array of 
lines to prepare for tlie worst case. Tliis 
eliminates the need to check for “out of 
memory” when allocating lines during the 
counse of a scan. 

Finally, many pnxessors have a sweet 
spot at 16 bytes when dealing with arrays 
of structures. (Typically, the bus is 32-biis 
wide and the bus bursts are four words 
long. A 16-byte structure makes optimum 
use of one burst.) The line structure con¬ 
sists of an X start, X end, Y coordinate, 
pointer to the next line in the blob, and 
pointer to the line's blob. Tliai's 20 bytes 
if the algorithm uses 32-bii integers and 
pointers. Packing tlie X start and X end 
into two l6-bit words may provide a sig¬ 
nificant boost in speed. 

Applications 

llie structures yielded by the segmentation 
algorithm lend themselves to a variety of 
uses. Tlie lines provide compression for a 
numlxr of tasks. First among these are 
tasks involving tlie relations of die bbbs 
to each other and to the liackground. It's 
an easy matter to relate the blolis to their 
neighlxirs once they have Ixen segnxmt- 
ed; you can form agglomerations (such as 



Figure 2: An example of the difficult "w'* problem. 
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lines of print or areas of half-lone dot im¬ 
ages) that provide useful feature infor¬ 
mation. My most recent use of the algo¬ 
rithm has been a bullseye recognizer tliat 
detects a micrascopic bullseye deposited 
at an exact spot on a microscope slide by 
photolithography. The segmentation al¬ 
gorithm quickly identifies the two rings 
and target of Qie bullseye by searching for 
the only three objects that have centroids 
tltat are close together (tlie middle of each 
ring corresponds with the middle of the 
bullseye). 

It's possible to perform template 
matches using the algorjtliin data struc¬ 
tures. (IVe included a template matcher 
in Listing One; listing begins on page 
124.) A template matcher can march blob 
against blol). This is done by relying on 
the line order within the blobs to effi¬ 
ciently find which parts of the image 
overlap the template. The resulting score 
gives a confidence measure that the tem¬ 
plate is the same shape as the image. 
Template matching can be used in OCR 
to discriminate between letters that have 
similar overall shapes (such as “A?" and 
“R/ which both have one loop, one top, 
and two bottoms). 

The segmentation algorithm can he 
used to find and outline objects de¬ 
posited on a substrate. For instance, a 


drug manufacturer might test thousands 
of variants of a drug at once using a 
robotic deposition tool that places the 
results of different reactions at different 
spots on a dish. The spots can be foujid 
using the segmentation algorithm and the 


The three parts of 
the bullseye have 
common centroids 


chemical reactit)n can then be analyzed 
by measuring the intensity and color of 
the reactions in the spot. The algorithm 
can lie used in other aspects of robotics; 
a few marks on an object can be iised 
to track the object in real time and po¬ 
sition it. Again, these algorithms work 
best in an artificial environment in which 


lighting and contrast are controlled to 
maximize the difference between fore¬ 
ground and background. 

Conclustoit 

Ttiis segmentation algorithm rapidly iden¬ 
tifies die Ixjundaries of contiguous objects 
from their background, it makes efficient 
use of modern CPU resources and yields 
objects with data stmcLiires tliat liiive util¬ 
ity. i believe tliat it could serve as the core 
of a numlrer of interesting image pro¬ 
cessing appliciitions, I would like to see it 
used in novel ways, such as in identify¬ 
ing— in real rime—high contrast objects 
placed in video scenes as markers for an¬ 
imated characters. It might also be used 
as die biLse st^iientation algoridim kyr reab 
world imaging using sophisticated image 
prtK'essing tecliniques that enhance fore¬ 
ground. The algorithm can be extended 
to ihree dimensions by matching against 
two c)ld line lisrs: one in the X-Y plane 
and one in the X-Z plane. This adapta¬ 
tion might be used in computer-aided 
tomagrophy to identify tumors. In any 
case, the algtjridim is dependable and use¬ 
ful and should serve you well in appro¬ 
priate applications. 

DDJ 

(Usting begins on page 124.) 
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DR. ECCO'S OMNIHEURIST CORNER 


Lines of Fire 

Dennis E. Shosha 



H e daimed to be a military man, but 
Captain Sob didn’t seem to have the 
right bearing. He slumped in one 
chair with his feet propped on an¬ 
other. His uniform was clean, but badly 
wrinkled. His hair was unkempt In brief, 
he looked like one of my colleagues. 

His smartly dressed assistant, Lieutenant 
Hood, presented the problem to Ecco. ''Here 
is the layout of the valley, sir,” he said. 

''Our hovertanks will be approaching 
from the eastern pass. When our adver¬ 
saries detect us, they will approach from 
the western pass, 

“Our job is to destroy the undeiground 
factories in the valley. The factories them¬ 
selves have no defenses except their one- 
meter-thick waOs, but we must quickly 
dominate the ground above. That means 
we must rapidly reach a situation in which 
we can destroy any ne^w vehicle that 
comes into the valley.” 

"Wliy can't you just cross over with your 
first hovertank and blcx:k tlieir pass?” Hane 
asked, 

"They have field guns and rockec- 
propelltkl expbsives inside hunkers over¬ 
looking the western pass,” the lieutenant 
responded. "We have, however, located 25 
lulls that are good vantage points for our 
hoveitanks. Occupying any 10 of them will 
albw us to destroy the underground fac¬ 
tories. We just want to be safe on them 
while keeping our adversaries to under live,’' 
“So, drive to the first 10 hills you can 
see,” Rcco said with some impatience. 

Solo spoke up. “We wouldn’t he here 
if it were that simple, Dr Ecco, You must 
til ink of this as a two-person game w ith 
alternating moves. We place a veliide, then 
diey place one. Then we place one. Tlien 
they do. And so on. We just want to be 
sure that after they have placed five, they 
can’t place any more, whereas we can 
place at least 10 altogether" 

“Can you get to any hill equally fast?” 
Uane asked, 

Solo nodded, 'd designed every hover- 
lank to lly at 80 miles an hour anti to .stop 
on a dime,” 

TJntbrtunately, mr advensaries liave access 
to die same tedirxiqgy ” added die Heutenanu 


Definis, a professor of cornputef' sciejice at 
Mw yif}'k[Miim^midautht)rtfT\w Puz¬ 
zling AcK'entures of Dr. Ecco (Dawr, 1998), 
can be contacted at I^Etco@ddj\com. 


"Our biggest advantage is that we win be 
in the valley first. In fact, we hope tliat we 
w^ill be able to phce at least two and pos¬ 
sibly three hovertanks on hills in the valley 
before they place any of tlieirs. After that, 
we will alternate. Remember, we want to 
prevent them from placing more than five 
of their hovertanks and we want to be able 
to place at least 10 of ours. Also, our 10 hov- 
eitanks must be able to fire upon all unoc¬ 
cupied hills. Finally, their five hovertanks 
must not be able to fire upon our 10.” 

"Can you tell me which hills can fire 
upon which others?” Ecco asked. 

“Yes,” the lieutenant responded, liand- 
ing Ecco the table below (also available 
electrc^nically, see "Resource Center,” [lage 
3). "We’ve numbered the hiHs from 0 to 24 
I hope the table is dear. For example, hill 
0 am fire upon hilts 1 2 3 7 9 8 13 17 18 
19 20 22 24. Note that firing Ls u^ially but 
not always symmetric. For example, 0 can 
fire upon 2 hut the rev^erse does not hold.” 

Rit Fmm Bw llpon 

0 1 2 3 7 9 8 B 17 18 13 20 22 24 

1 0 2 3 9 10 13 14 B 16 17 20 21 34 

2 3S91112 13 16 22 23 

3 2 B 7 9 11 12 13 16 22 

i 5 7 9 11 12 13 16 22 23 

5 2 3 4 7 9 11 12 23 

6 1 2 3 7 9 8 13 14 15 16 18 20 21 

7 3 4 5 9 12 19 20 22 23 

B 0 6 ID 14 IS 17 18 19 24 

9 2345 7 1119 20 22 

10 1 2 3 7 8 9 13 15 16 20 21 22 24 

11 2 3 4 5 9 19 20 22 23 

12 2 3 4 5 7 B 17 IB 23 

13 0 1 2 3 6 7 9 10 16 18 21 22 24 

14 1 6 a 15 16 17 18 19 21 22 24 

15 1 2 3 6 8 10 14 16 IS 19 20 22 

16 1 2 3 4 7 6 9 10 13 14 15 17 19 22 

17 0 1 8 14 16 18 20 21 24 

IB 0 6 8 13 14 15 17 21 22 

19 0 8 14 15 16 20 21 22 24 

20 0 1 2 3 6 9 10 15 17 19 22 24 

21 1 6 10 13 14 n 18 19 24 

22 0 10 13 14 IS 16 18 19 20 

23 2 4 5 7 U 12 19 20 22 

24 0 1 a 10 13 14 15 17 19 20 21 

Ecco and Dane studied the table for a 
while. Suddenly, Liane giggled and said, 
"Two sets of queens problems.” She then 
sketched sometliing on paper that kxjked 
like two ,sc[uares and shewed it to Ecco who 
ncxlded. 

Ecco then turned to us and stifled a 
yawn. "Gentlemen, let me take a three, 
four, or five minute nap, and then 111 get 
back to you.” 

Wlien Ecco returned, he handed Cap¬ 


tain Solo a piece of paper. “If you can 
place three hovertanks before your ad¬ 
versaries can place any, then take these 
three and you can prevent the adversary 
from occupying any hills, because your 
hovertanks will l9e able to fire upon ev¬ 
ery remaining hill. If you can place only 
two before they can place any, then 
choose these two* You will be able to 
keep the adversaries to under five, occu¬ 
py 10 yourself, and be able to fire upon 
all remaining hills. If you can place only 
one before tliey can place any, then I don’t 
think you can achieve your goals, but Fm 
not sure and, well, you liaven’t asked.” 

Peaden Please shau^ Solo bow fa) be can 
dominate the mlley entirely occuf^ing 
three bills before bis admrsarii^ can oc- 
cupy any; and (b) he can achieve the con¬ 
ditions of the problem hy occupying tim 
hilL^ before hi^ adifensaries can occupy^ any 
(and altemaling thereof). If you have 
a fm>of either way coftceming the prob¬ 
lem (if the adi^ersaries altoiv Solo only one 
bill before alternating mov^ begins), then 
seftd il to me at DrEcco@ddj.cimi. 

Last Month's Solution 

Since each accusation must include at least 
one lying informant and all two accusa¬ 
tion pairs iTelow are disjoint, there have 
to he at least six: 

AixiBer ADCieed 

petra gvienyth 

sam larry 

dave mike 

Isaac nidc 

blllaay kris 

Olivia tibii 

If tile folkwving eight people liave l^een 
t Limed, lliey suffic’c to explain all the accu¬ 
sations tliat comniissioner Brail has pre¬ 
sented to Ecco: isaac hillary larry olivia 
gwenytii dave s;im pera. Exco cbesn’t knew 
w lietlier tills Is tlie minimum fxissible, 
Superlieurists: DDf readers Gary Knowles, 
Jon Beal, and Kent Donaldson all found 
clever solutions to the May 199fi Nininier- 
ics problem. Kent also has the best solu- 
tiejn SCJ far to the Territory Game in which 
his first six shij>s get 66*(k) percent of the 
valley and all .seven get 73.83 percent. 

DDJ 
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Listing One 

iAipdrl. j Ava. awt. Coldir; 
inport javfi.avt.image.*; 

public cla£s GceyOutlmafe^iltei: [ 

// BBve the Int value of the grey cqIdc... 
protect ed ijit g.cey Out Value » Colar.^rsy .getRGBt) J 
public Crey<>utt«ugeFiltert) f 

H thin filter ie poeitiDca dependent, sc we uan^t filter 
// by just cbanEiug the color table..., 
cflnFiltcrlndftxGolotKodel = fulaej 
3 

public iflt flltetElJGE( int x, int y, itit t|!j) t 

// set every other pixel to grey using a cheehocboard pattern... 

if U(3t ^ yW n ^ 0) £ 

return greyChttValue; 

J 

else { 

return cgbi 
J 
3 

) 


listing Two 

import Java►art.iMHgE,•: 

pufaJic: clas€ EotateClgckwiBeluflgeFilter extende IraageFilter C 
protected int Grewidth, srcheinht; 
protected int destwidth, deathsight; 
public void setDimensiouet ifit vidth. int height) { 

// source height becomea destination width and vice-versa_ 

this Ideatwidtb ^ height: 
thierdeatheight = width; 

// tell the conBumer the size of the image that we will be aendirg.. 
super,aetlliiBetisions C thia.deatvidth. this, destheight); 

J 

public void &etHiota( int hints) ( 

// becauEe this filter delivers pixels a scan calumn at a time, 

// WE need to clear COKFLETESCAm.lNES and 'mFDQWNbEmiaHt hint 
// bltfi and set the RANbOMPIXELOHEER bit... 
hinta = {bliita S {~COMFbETE^CAm.INES) ^ 

(^PDOHNLEFTHIGHTJ 3 1 RAllDOttP IXEIjLIRDER ; 

super.eetHinta[hints): 

J 

public void EetPiielai int x. int y, int w, int h, CalorKodel cja, 

iiit[] pixels, int offset, int scensize) [ 

// start la the offset into buffer of first pixel of current source 
// row, which will heeone the top pixel in deGtination column... 
int start — offset, 

// deati tfi zero-indexed destination column of source pixel row... 
int destx = destwidth - y - 1; 

// aend the pixels on to the conGutoet, each tow of the acuree image 
// becemea a 1-plxel wide column of pixels in destination inags... 
foe [Int 5=0; j ( ht j+t) [ 

consumet.setPixelsC destx. x. 1. w. cm. pixels* start, 1); 

start t= scanaize: 

destx—; 

3 

J 

public void aetPlxela( int x, int y, int w, int h^ ColotXodel cm, 

bytoH pixels, int offset, int scaneiae) { 

U Start is the offset into the buffer of the first pixel of current 
// sourcQ row, which will beccBiE top pixel in destination column,.* 
int stert = offset; 

// deatx is lero-indexed destination coluisn of source pixel row... 
int destx * destwidth * y - t; 

// send the pixels on to the consumer, each row of the source itaege 
// becomeB a 1-pixel vide column of pixels In dastiiiation image... 
for (int J ° 0; J < h; j++) [ 

consumer.B'et?ixelE[ destx, x, 1.. w, cm, pixels, start, 1); 
start t= eeansize: 
destx—; 

) 

3 

1 


ALGORITHM ALLEY 


Listing One 

void CMonochromeBitmep::BuildBlobLiat[) 

[ 

CLineVectorlteretor clviKew,clvi&;d; 

AlloGateLin§Elock(cLviNew.CLLvlErLd): 

In.pBlob. reserve (eBiabePerBlock) ; 

// Create two vectors of pointers to linss tO' hold the new line liaf 
// and the old line list. We Initialise tbem to hold Vldtb ()/2 member^, 

// This is the n^xiisum possible number of lines. 

CLinePointerVector clpvRester[2]; 
clpvRastet tfl),reeerve(Width £)/2J; 
clpvEaster |i] , reserve [ Width Q /2): 
int nOldiineXndex = 0; 
iat oNewLinelndex = 1; 

//At the start, the old line list has no moiobera. 

CLlnePolnterVec tor Iterator clpylOltlEnd = clpvRaaterlnOliiLinelndEx] ,begin[): 
for (int nY = 0 ; n¥ < Hei^tO; nY++) C 

CLineFo inter Vector &clpv 01 d - clpvHeater [nOldiitietndexL 
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CLinePoiiiterVettor tclpvNaw * elpvRaeterlnWawLineLndai] ; 
nOldLinelndex =■ nOldLin^lndei ^ li 
DHewLlne Index = nMewLinelndex h 

{XineFointerVectorltereitor clpiriOld = clpv01d,begirj (,): 

CLifie tpLineOld^ 
if (clpviOld = clpviOldEnd) 
pLineOld = MULL: 

■alse 

pLineOld = +clpvi01d-^+T 

CLinePgin-cerVEctijrl^etfl-CDt tlpvINew = clpvHev.beiinf) t 

// Get the caster to procees and set up for the first byte 

Eonat BYTE spftAatet = G6tRaster([iY) j 

BYTE bBit = 0x603 

BYTE bByte = *pRaflter++: 

// Sat up the X extents, 
int nX = 0: 

const int nlEnd = WldthO; 

whiletnX i nXEnd} £ 

CSlob ♦pEldbOld: 

// Search for the start of a line, 
while([bByte k bBit) 0} t 

if (++nX = nXEnd) goto linedone; 
bBit = bBit » 
if (hBlt — 0) i 
bBit = 0xS0: 
bByte = +pRflater+-t; 

} 

// Start a line, 
if {clviNew “ clvlEnd) £ 

// need nore raeBory for lines, 
AllocateLineBlocktelvlKeu.clviEnd )e 

} 

CLitie ilineMev = *clviNew++: 
lineNew. BLnXStart = nX; 
linel^ew .a_pNextLineSHineBlDh = 0; 
iinaHew.B..nY nY: 

// Put it on the new list. 

*clpviMew++ = SllneKewE 
U Find the extant of the line, 
do C 

if (iiX ■" nXEndl hreak; 
bBit ^ bBit » i ; 

If ChBlt ™ 0) i 
bBit = 0x80E 
bByte » *pRaster+tE 
3 

tiX+^E 

1 while [bBit b bByte): 
lineNew.m.nXEnd ■ nX - 1 e 

// Now finish all old lines wholly before oiir new line 
if (pLineOld) t 

while (ptiineOld->m_nKEnd < lineKeWrin_iiXStart) { 
pBlgbOld = pLiae01d->ir_pBlgh: 
if (—(pBlobOld->ni_qCipenLineB) = 0) E 
AddBlohEpBlobOld )e 
3 

if [elpviOld = clpviOldEnd) £ 
pLineOld = MULL: 
break: 

3 clBfi ( 

pUneOld ■= •clpvi01d++: 

3 

] 

) 

//Do the firat Line that overlapa oup new line 
if {pLineOld && pLineOld->]ii„nXStart lineMev.m_nXEi3d) ( 
pBlobOld = pLin^ld->’nupBlgb3 
llneMew.B.pBlcih *■ pBlohOlds 
• {pElobOld->iiLppLBSttine) = SlineNev: 
pBlob01d“>m_ppLaBtLiEie = fi (lineHlew. ■.pNeitLineSsBeBlob) e 
// See if the new line ends the old line or viee-verafin 
if (pLineOld->m_tiXEnd > lineNew.H.nXEnd) £ 

// the old line extende past the new line. 

// the new line gives the old line's blob another open line. 

pBlobC}ld->B_nOpenLinea++: 

continue: 

3 else { 

// we close tbe old line and extend the blob at the 
// Gsme tliM. We continue to close old lines. 

If (clpviOld ^ clpviOldEnd) t 
pLineOld = NULL: 

1 else [ 

pLineOld = *GlpviOld++; 

while tpLine01d->in_tiXEnd C= lineHew. n.. nXKnd) { 

// End this line too. Wa have two cases; 

CElcb tpBlobOtherl 

if (EpBlobOther = pLineOld->ffl..pBlob) = pElobOld) [ 

// the old line is port of the new line's blob. 

// Thia is just a loop. 
pBlobOld-Vn JiLocipEt+: 
pBl obOld- >n^nOpeiiLlnea —e 
3 else C 

// Thia ifl the merge case 
pBiobOld->Herge{pBlobOtherl5 
delete pBlobOther: 
pBlobOl d- >iii_nOp0nLine s —; 

] 

if (clpviOld = clpviOldEnd) ( 
pLineOld = MLLLe 
bceskE 
] else [ 

pLineOld = *clpvi0ld++3 

] 

1 

if {pLineOld 4 Se pLineOld->in_nXStart <=■ llneMew.m_nXElid) t 
// This last old line overlaps and ends the new line. 
CElob *pBlobOther = pLineDld->ra_pBlgb5 


if (pBlobOther — pBlobOld) [ 
pBloh01d->iiL.nIiogpa ++1 
1 else I 

pBlobOld-JMerge[pBlobOthec)i 
delete pBlobOther: 

] 

3 

} 

3 

J else [ 

// Thia Is the case where no line overlaps the new line. 
// Start a blob with this line. 

CBlob *pBlobNew = lineNew.ni-pElob = new iDBlob: 
pBlobNew->TH_nOpenlilnes = i: 
pBlobNew->B_pFirEtLine = SilineNew: 

pBIobMew->Ti_ppLaBtLine - £![lineWeiff >»_pNe3rtliineSeiineBlgb): 
pBlobNew->B jiLoope “ 0: 

3 

> 

linedone; 

if (pLlneOldJ £ 
while {TKUl) ( 

// Finish all old Lines. 

CBlob *pBlobCld = pLineOld->m_pBlob: 
if (—(pBlobOld-ict^nOpenLlnes} “ 0) ( 

AddBlob (plle-bOld): 

3 

if {clpviOld — clpviOldEnd) break: 
pLineOld = *clpvl01d+t! 

} 

3 

// Finally, record the end of the new list as the 
// end of the old list to be, 
clpviOldEnd = clpviNew: 

) 

//At the end, we've got on# last raster of lines to finish. 
CLiueFointerVector fiiclpvLast - clpvRsater[nOldLineJndex]E 
for (CLinePointerVectorIterator clpvi “ cipvLast.begln{]; 
clpvi 1- clpviOldEnd;) C 
// Finish all old lines. 

CBlob *pBlob01d = (•clpvi++)->in_pBlgb; 
if £“{pBlohOld->m„nOpenLiii#s) =0) £ 

AddBlobCpBlobOld); 

) 

3 

// and finally ^ aegtaentation is cosaplete 
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PROGRAMMER'S BOOKSHELF 


Displacement and 
Other Stories 

Gregory V. Wilson 


D isplacement is a wonderful thing. I’m 
two mondis away from the next ma¬ 
jor release of the product I'm re¬ 
sponsible for, I have a training couree 
on software engineering for scientists and 
engineers to write, and what am I doings 
Tm watching Working Model (http://www 
.workingmodefcom/) simulate a stepping 
gear called a ""Geneva wheel” Working 
Model is a GUI version of first-year 
physics: Arbitrary shapes can be sketched, 
connected, given physical properties such 
as mass and elasticity, and then set in mo¬ 
tion to interact according to F=ma and, 
um, gosh, ils i^een a long time since I did 
physics, hasn’t 

Once IVe finished playing with gears, 
Tm going back to LCSI's Micro Worlds 
(http://www.lcsi.ca/), a multimeclia version 
of die Logo educational programming en¬ 
vironment. Logo is interaaive, forgiving, 
and graphical, so that children can easily 
create and explore. In a better universe, it 
would have revolutionized the way com¬ 
puters are used in schools. This latest in- 
aimalion adds sound, web publishing, and 
a multitude of other new features, without 
oliscuring its central simplicity, If you want 
your children to learn liow' to think wiili 
their computers, instead of just treating it 
as TV with hyperlinks, then MicroWorlds 
Ls definitely worth a kxik. 

A couple of hours with either of these 
programs is enough to make most prO“ 
grammers ask themselves, "Why aren't my 
tools this ea.sy to use?" According to the 
contributors to Sojhmre Vist4aiizatton, edit¬ 
ed by Jolin Stasko, John Domingue, Marc 
hi Brown, and Blaine A. Price, part of the 
answer is that we make far too little use of 
intemctive 2D and 3D graphics. Even the 
most advanced intqjraLecLdevebpmenl en¬ 
vironments (IDEs) are built around a text 
editor. H miglit highlight syntax and it might 
l:>e acmmpanied by some list boxes or trees 
showing files and classes, hut iLs still just 
vi on steroids. If you compare this lo the 


Grc'fJ is ibe author c/Practical Parallel Pro¬ 
gramming (MITPress, 1995X ctnd caedi- 
tor mtb Paul Lu (^'Parallel Programming 
Using C++ (MITPress, 1996). Greg can he 
reached at gimnlson&mterlog.com. 
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John Stasko, John Domingue, Marc 
//, Brown, Blaine A. Price (editors) 
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CyC++ Sqfta?are 
Qttality Tools 

Mark L. Minphy 
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352 pp., $45.00 
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Pert The Programmer's 
Companion 

Nigel Chapman 
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Bffectwe Perl Programming 

Joseph N Hail 

with Randal L Schwartz 

AddLson Wesley Longman, 1998 

288 pp., $32.95 

ISBN 0-201-41975-0 
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Course 

Jon Onvant 
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288 pp., $28.00 
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dozens of sketches that pro^mmers draw 
to show data stmctures, inheritance, ;ind 
control flow, you c’an see how' much more 
we could be doing. 

Computer-aided software engineering 
(CASE) tools have tried to integrate stme- 



cured diagrams into IDEs. (A good entry- 
level example is Stingray’s Visual CASE, at 
http://www.stingsDfLcom/vcase/.) Most of 
the systems discussed in Software Visual- 
ization take the opposite approadi, and try 
to use visualization to examine or explain 
existing programs. Some of the results l^ve 
me cold, but some, like tlie classic ""Sorting 
Out Sorting” by Baecker et aL, are as illu¬ 
minating as Working Models gears. 

Of course, most contributions fall some¬ 
where between these two extremes. The 
code-maintenance visualizer by Eick et 
aL, for example, shows source files as 
strips, then color codes them line by line 
to indicate how ftequently or recently they 
have changed. The resulting display 
would be a useful adjunct to a source- 
code control system, but its utility is lim¬ 
ited by the fact that it reports changes to 
physical structure (lines), rather tlian log¬ 
ical structure (classes or methods). Still, 
like many other chapters in the book, it 
is an interesting starting point for further 
development, and provides a glimpse of 
what your next programming environ¬ 
ment might look like. 

Mark Murphy's C7/6’++ Software Quali¬ 
ty Tools is a nice complement to this, since 
it looks at wliat your current programming 
environment ought to provide, but prob¬ 
ably doesn't. According to tlie blurb on 
tlie l:>ack of tliis lx>ok, Murphy has worked 
on software quality assurance since 1990; 
judging from the book's clarity and com¬ 
mon sense, 1 would have guessed that 
he'd been in the business much longer. 

Along with three introductory chapters, 
two chapters on testing in general, and a 
brief concluding chapter, Murphy gives 
us one chapter on each of six different 
quality-ax.surance tools, Tlte first of these 
Is a home-brewed version of the asserii) 
macro. This doesn't extend the fimc- 
lionality of the standard C++ assert( ) by 
much, l>ut even experienced program¬ 
mers will learn a few things from Mur¬ 
phy's discussion of when and how to 
use as.sertjons. 

The second tool he describes keeps 
track of dynamically allocated memory, 
and reports both out-of-bounds writes 
and memory leaks. Commercial varieties 
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(continued from page 127) 
of such tools, such as Purify (http:// 
wwwxationalxonVpn:>diicts/purify/) and 
BoundsChecker (http://www.nuiTiega. 
com/ products/cc/scre€n_cbJitni), are 
taken for granted by most professional 
programmers, but this is the clearest ex¬ 
planation I have ever seen of how they 
work, and what tliey can and cannot do. 

The iliird, fourth, and tUfli chapters on 
tcxjls describe an automatic test-case gen¬ 
erator, a scripting language that can be used 
to drive tests, and a co^'enige tod tliat keeps 
track of which statements and branches in 
a prcjgrani have txxm executed. All of tliese 
ouglit to be as widely known and widely 
used as tiie memory checkers discus.sed in 
the previous paragraphs; but because test¬ 
ing is a low-status occupation, they are ig¬ 
nored by most educators and profession¬ 
als (see http://www.ddj.cQm/oped/1997/ 
wilson.htm). 

The last of Murphy's tool-oriented 
chapters describes a tool for capturing 
and replaying keystrokes and mouse 
movements, so that GUI testing can also 
be automated. Some people question the 
effectiveness of automated testing (see 
h Up: //ww w .stlabs .com/iesinet/docs/ 
snakeoil.htm, for instance), but the tool 
itseii is still worthy of study. 

As good as it Is, C/C++ Software Quali¬ 
ty 7(X}Is dc:)es have C3ne major weakne.ss, 
which is its use of a home-grown script¬ 
ing language as a test driver, Several well- 
documented, extensible, general-puqxjse 
scripting languages are widely used today, 
including Perl, Tcl, and Python. Any of 
tlrese would, in my opinion, have been a 
1 setter choice for Murpliy dian devek^ping 
liis own. What's more, the test generator 
and coverage tool wouki Ixnh be e^tsier to 
extend or retarget il^ they !iad L^een written 
in one of these higher-level languages, 
rather than in C or C++. l>espite this, and 
a lack of exercises and sample prtiblems, 
thi.s hook would lie a solid text for an un¬ 
dergraduate course on quality assurance. 

Speaking of Perk.. 

IVc been working jny way through three 
new btx^ks on the language during the 
past few weeks, and have l^een impressed 
by all of tliem. Nigel Chapman's Perl: The 
Programmer 's Companion and Jon Or- 
want’s Peri 5 Inleractive Course are both 
tutorials. At nearly 300 pages instead of 
Orwant's back-breaking 9(K), Cliapman's 
brx)k is thinner and more discursive, hut 
contains neitlier self-quizzes nor exercises. 
Orwant’s lxx>k, in contrast, descrilxvs Perl 
a snippet at a time, and has hundreds of 
multiple-choice questions and exercises. 
Orwant also goes into a k;>t more detail 
when discussing widely used Perl mcxl- 
ules for process management^ database 
acces.s. and networking. 1 would recom¬ 


mend Chapman to Perl newcomers and 
Orwant to those who need to master the 
language, but given Chapman's lack of 
exercises, Orwant is probably a better 
buy eidier way. 

like Scott Meyers' ^ectke C++, on wliich 
it is modeled, Joseph Hall's Effectit}e Perl 
Programming is not Ibr the faint-hearted. 
Sixty items, grouped into 10 sections, cov¬ 
er everything from tlie difference l:)etween 
undefmed and empty lists, through differ¬ 
ent ways of reading from a stream, to us¬ 
ing the debugger effectively ^md submitting 
modules to the Comptehensive Peri Archive 
Network (http://www.perl.org/CPAN/, and 
many mirror sites). While the book is in 
.some ways an indictment of Perl's quirid- 
ness— if the language liad fewer syntactic 
and semantic inconsistencies, the bcjok 
could be a bt shorter— it ought to be in 
die stack undemeiidi every serious Ped pro¬ 
grammer's coffee mug. 

The last of diis month's l>ooks is Robert 
Glass's Softtmre Rimaways: Momimmtal 
Software Disasters, in diis book, Glass kxiks 
at large proiecLs tliat have spiralled out cjf 
control and subsequendy failed. He states 
liis diesis early: 

...the mo.st common problem in building 
software systems is not the constmedon of 
them itself, l iul radier the estimation of tlie 
costs of ih<AX a>nstaiaion. Why is there such 
a problem? Because the software field ha«; 
not made a con.seientiou.s effort tcj devel¬ 
op fiistories of past project costs. 

He dien summarizes die findings of stud¬ 
ies done in 19R9 and 1995. Not suqirisingly, 
failed projects tend to be diose dial were 
overly ambitious, for example, and project 
failure usually has several causes, ratfier 
ilian a single dominant cause. At the .s^ime 
time, u.sing packaged software iastead of 
rolling your own doesn't appear to reduce 
the risk of project failure, but using new 
techncjlog)^ ((x technology that is new to 
die organization responsible for the pro¬ 
ject) greatly increases the risk. 

ff the bulk of the Ixiok was devoted to 
this sort of summarization and analysis, I 
would probably add it to my recom¬ 
mended reading list. Unfortunately, mexst 
c^f the rest of die book cxinsisls of reprints 
of articles about particular runaway pnx 
jects, including die Denver airport bag¬ 
gage handling system, the FAA's next- 
generation Air Traffic Control system 
(which re[ilaced single keystnikes widi 12 
or more mouse clicks), and B^mk of Amer¬ 
ica's MasterNet. Some of this is interest¬ 
ing, hut only some, and only somewliat. 
Still, if it is not a step toward developing 
the history' ot past project ctxsts that Glass 
says our profession needs, it is at least a 
sigtipost in dial direcdon. 

DDJ 
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OF INTEREST 



Modem Software Publishing has released 
Modern GuardX, an application security 
solution for Windows 95/NT applications. 
GuardX acts like a firewall for applica¬ 
tions, preventing unauthorized access to 
programs, program features, dialogs, and 
user-interface elements [rased on user log” 
on credentials. GuardX lets you add U.S. 
Department of Defense C2-class security 
to business applicaticjns. GuardX supports 
Visual Basic, Access, Office, VBA, Visual 
C++, and other development environ¬ 
ments. GuardX unit pricing is $69B.OO 
with a one’year software maintenance 
subscription, free technical support, and 
a 30-day money-back guarantee. 

Modern Software Publishing Inc. 

Five Youngs Road 
Pomfrei Center, CT 06259 
860-963-1071 

hnp://w w w. modemsoftware. com/ 

ValiCerl’s recently announced ValiCert 
Toolkit 2.0 lets you embed certificate val¬ 
idation into any application. Version 2.0 
of the toolkit supports all current digital 
certificate validation and revocation pro¬ 
tocols, including mechanisms .such as Cef” 
tificate Revocation lists (CRLs), tlie new- 
ly proposed Online Certificate Status 
Protocol (OCSP), and ValiCert’s unique 
Certificate Revocation Trees (CRTs). The 
toolkit consists of software components 
that enable Internet applications to veri¬ 
fy digital certificates using an array of es¬ 
tablished validation mechanisms. The Vaii- 
Cert Toolkit 2.0 is available free of charge 
for an unlimited binary license and can 
be downloaded from htcp://www.val- 
icen.com/. 

ValiCert 

3160 West Bay shore Road 
Palo Alto, CA 94303 
650-849-9860 
http ://www. valicert .com/ 

Plexstar has released Java modules that 
read, write, and display CAD hies based 


on the DGN and DXF formats. The new 
modules are the DGN reader/writer add¬ 
on and the DXF reader/writer add-on. 
Plexstar Inc. 

3951 Pender Drive, Suite 105 

Fairfax, VA 22030 

703-246-9640 

http://WWW.plexstar.com/ 

American Cybernetics has announced Ver¬ 
sion 8 of its programmer's text editor, 
Multi-Edit. Multi-Edit 8 features support 
for HTML, JavaScript, VBScript, Peri, Java, 
and other languages. Multi-Edit includes 
Project and Site Management tools, and 
IDE integration with Borland Delphi and 
C++ Builder. A free, fully functional demo 
of Multi-Edit 8 is available for download 
at http://www.multiedit.com/. 

American Cybernetics Inc. 

1830 West University Drive, Suite 112 

Tempe, AZ 85281 

602-968-1945 

http:// WWW. mul tied it .conV 

Software Tree has released JDX TO, an 
all Java implementation that provides an 
object-oriented interface to store and re¬ 
trieve Java objects in a relational database. 
JDX provides support for complex object 
modeling and for object integration with 
legacy data. 

Software Tree Inc. 

650 Saratoga Avenue 
San fose, CA 95129 
408-557-6769 

http ://w .softwaretree .com/ 

Formula One/Java from Visual Compo- 
nenLs is an Excel-compatible spreadsheet 
written in Java. Formula One/Java pro¬ 
vides Excel read-write compatibility and 
more than 130 worksheet Rinctions. For¬ 
mula One/Java can be downloaded from 
lmp://www.flj.com/. A devebper license 
can be purchased for $49.00 per deveb 
open Server licen.5es are available for 
$ 499 .()0 per server/per application. An un¬ 
limited distribution license is available for 
$5000.00. 

Visual Components Inc. 

12980 Metcalf Avenue, Suite 300 
Overland Park, KS 66213 
800-884-8665 

h ttp\// WWW. visu alcomp. com/ 

Albert's Ambry has introduced Zeus, a text 
editor/IDE designed specifically for pro¬ 
grammers. Zeus is customizable, language 
neutral, and works .seamlessly with all 
third-party development tools and com¬ 
pilers. Zeus is available in I 6 - and 32-bit 
versions, both of which support back¬ 
ground compiling and build task runs. The 
editor supports keyboard mapping for 
Brief, WordStar, Epsilon, and Emacs, and 


has a built-in macro scripting language 
and color syntax highlighting. Zeus sells 
for $95.00 for a single-user license (mul¬ 
tiple licenses discounts available). 
Albert’s Ambry 
P.O. Box 2092 
Bala C>Tiwyd, PA 19004 
610-623-2014 

http://WWW .alberts.com/authorpages/ 
00002366/prod_270,htm 

The Open Group has announced X11R6.4, 
the latest release of the X Window Sys¬ 
tem technobgy. This release of the X Win¬ 
dow^ System technology allows existing 
shrink-wrapped or custom applications to 
be accessed by an Xll-enabled Web 
brow'ser through such features as univer¬ 
sal access and Low-Bandwidth X. New ex¬ 
tensions and features include a reduction 
in the X server's memory footprint, Easy 
Resource Configuration (ERC), the ability 
to allow a multithreaded system to func¬ 
tion as one large screen, Low-Bandwidth 
X, Display Power Management Signaling, 
and Colormap Utilization Policy. 

The Open Group 
11 Cambridge Center 
Cambridge, MA 02142 
617-621-8700 

http:// ww^^. opengroup. org/ 

Micro Digital and Swell Software have an- 
nounced PEG, a GUI for embedded sys¬ 
tems. PEG provides a set of graphical ob¬ 
jects such as windows, status and menu 
board, menus, buttons, icons, sliders, 
thumbwheels, tables, boxes, and more. 
PEG was designed specifically for em¬ 
bedded systems; the code size is under 
100 KB. Drivers for VGA, SVGA, and LCD 
controllers are included, as well as sup¬ 
port for mouse, touch screen, and key¬ 
board input. The PEG Font Capture utili¬ 
ty converts standard font files to the PEG 
format. The PEG Image Convert utility 
converts PCX, BMP, and TGA files to the 
compressed PEG format. PEG is supplied 
as a C++ library with source code, and 
costs $5000.00 royalty-free for one devel¬ 
oped product. 

Micro Digital Inc. 

12842 Valley View Street, #208 
Garden Grove, CA 92845 
800-366^2491 

http^ //www. smxinfo .com/ 

Metrowerks now officially supports the 
GNU GCC compiler from within the 
CodeWarrior environment (as an alterna- 
dve to Metrowerks’ awn compiler). A sub¬ 
sidiary, Quorum Technologies, has been 
formed for the express purpose of sup¬ 
porting GCC within CodeWarrior. Quo¬ 
rum Technologies will provide bug fixes 
and full-service support for the GNU com- 
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pliers, linkers, and debuggers. It will build 
reference versions of GCC compQers and 
linkers that are validated against Metro 
werks CodeWarrior GCC adapter tech¬ 
nology. 

Metrowerks Inc. 

9801 Metric Boulevard, Suite 100 
Austin, TX 78758 
512-8734700 

http;//www,metrowerks.com/ 

ParaGraph PI, the Pen and Internet Tech¬ 
nology business unit of Silicon Graph¬ 
ics, has announced the CaliiGrapher 5d 
handwriiing-recogniiion tool for Win¬ 
dows CE- Features in CaliiGrapher 5.1 
include note-taking and screen draw 
support, support for color ink on color- 
enabled handheld PCs, a new method of 
quickly entering punctuation via pop-up 
menus, and an enhanced screen orien¬ 
tation feature. 

ParaGraph PI 

2011 N. Shoreline Boulevard, Bldg, 10 
Mountain View. CA 94043 
650-933-3000 

http: //ww w. paragraph .com/ 

ObjectAda Real-Time RAVEN from Aonix 
empbys a fast real-time kernel that is suit¬ 
ed for hard real-time and safety-critical 
applications* RAVEN’s design is based on 
the Ada95 tasking restrictions set named 
the RAVENSCAR Profile, which accom¬ 
modates certification requirements for 
high-integrity (safety-critical), real-time 
systems. The profile defines a special 
Ada95 tasking model with special em¬ 
phasis on small size, fast performance, 
and deterministic behavior. RAVEN sup¬ 
ports Solaris, HP/UX, and Windows lOT. 
Target support for RAVEN includes Mo¬ 
torola's PowerPC, MC:680x0, and MC683xx, 
Pricing starts at $15,000, 

Aonk 

595 Market Street, 12th Floor 
San Francisco, CA 94105 
415-543-0900 
http://www.aonix*com/ 

AcdveState has released ActiveState Perl 
Debugger, a visual debugging environ¬ 
ment for Win32 Perl prc^grammers. A sin¬ 
gle license costs $95.00; multiple licenses 
are available at discounted rates. 
ActiveState Tool Corp. 

RO. Box 2870 Main Station 
Vancouver, BC 
Canada V6B 3X4 
604-606-4686 

http://www.acti vesta te .com/ 

Dynamical Systems has introduced ready- 
Base, a dynamic and embeddable rela¬ 
tional database library with a high-level C 
API, as well as Perl and Java interfaces. 

Dr. Dobb's Journal July 1998 


Features include rapid schema prototyp¬ 
ing, a fast and Rexible engine, powerl^l 
query language, and platform indepen¬ 
dence. readyBase is currently available for 
Linux, Solaris, and Irix. 

Dynamical Systems Ltd 

175 W* Jackson Boulevard, Suite A253 

Chicago, IL 60604 

312-341-1755 

http: //www*dynamical-systems, com/ 

Visual LISP from Autodesk is an integrat¬ 
ed devebpment environment that supports 
an extension of the AutoLISP program¬ 
ming language. Visual LISP supports com¬ 
piled USP, enhanced performance when 
running through AutoijAD Release 14, and 
an ActiveX interface. 

Autodesk Inc. 

Ill Mclnnis Parkway 
San Rafael, CA 94903 
415-507-5000 

http://www.autodesk*com/ 

Artisan Software Tools has announced Ver¬ 
sion 2.0 of its Real-Time Studio modeling 
environment for developing real-time sys¬ 
tems. Version 2.0 features include UML- 
l>ased requirements modeling, UMI-based 
solution design, enhanced round-trip en¬ 
gineering, timing notes support, and a 
multiuser architecture. Real-Time Studio 
2.0 mns on Windows 95/NT, and supports 
C++ and Java. A single user license costs 
$4995.00. 

Artisan Software Tools Inc. 

820 Bay Avenue, Suite 120 
Capitola, CA 95010 
4084754554 

htip://www.aiiisan5w.com/ 

Halcyon Software has introduced Instant 
Basic for Java, a visual development en¬ 
vironment compatible with Microsoft Vi¬ 
sual Basic. Instant Basic for Java includes 
a compiler that compiles VB source code 
directly to Java bytecode. You can debug 
Java applications at the VB source-code 
level, llie Professional Edition includes 
Professional Controls, ActiveX support, 
and DAO/RDO support with JDBC. In¬ 
stant Basic for Java Standard Edition costs 
$99 00, while the Professional Edition crosts 
$795.00. 

Halcyon Software 
1590 La Pradera Drive 
Campbell, CA 95008 
408-378-9898 

http:// WWW . halcyonsoft .com/ 

ObjectStore PSE Pro Release 2.0, from Ob¬ 
ject Design, is a Java objea database. Ob¬ 
jectStore PSE Pro stores and retrieves Java 
objects without translation, offers full 
querying and indexing capabilities, and 
supports JDK L2 collections. ObjecLStore 


PSE Pro costs $245.00 per developer; an 
end-user license costs $95.00 per user with 
quantity discounts available. 

(Object Design Inc. 

25 Mall Road 
Burlington, MA 01803 
781-674-5000 

http://www.objeadesign.com/ 

APEX Software has announced Version 5.0 
of its True DBGrid Pro ActiveX grid con¬ 
trol. Version 5.0 includes multiple lines per 
record, data-sensitive colors and graphics, 
drop-down data-aware list boxes, input 
masking, and context-sensitive CellTips. 
Pro 5.0 also includes reusable grid byouts 
and an add-in grid Design Assistant. 
TrueDBGrid Pro 5.0 costs $399-95. 

APEX Software Gorp 
4516 Henry Street 
Pittsburgh, PA 15213 
412-6814343 
http://www.apexsc.com/ 

The KL Group has announced JProbe Pro 
flier, a graphical hierarcliical profiler for 
Java applets and applications. At its core 
is a standard Java VM, licensed from Java¬ 
Soft and instrumented by KL Group. Fea¬ 
tures include the ability to graphically view 
memory usage and instance counts of each 
object as the Java application runs, a Call 
Graph Interface, and an advanced source 
code display. JProbe runs on Windows 
NT and costs $499.00. 

KL Group Inc. 

260 King Street East 
Toronto, ON 
Canada M5A 1K3 
416-594-1026 
hn:p://www.klg.com/ 

POET Software announced its new POET 
Content Management Suite, an extensible 
application built upon the POET object serv¬ 
er that adds XML/SGML frinctionality to ac¬ 
celerate deployment of solutions for struc¬ 
tured content management. The POET 
Content Management Suite includes die 
POET Content Client, the POET Content 
Server, and the POET Content SDK. In ad¬ 
dition to its support for XML/SGML content, 
it supports Full-featured revision control, 
fuU-text indexing, workgroup collaboration, 
and previous version rollback. The POET 
Comeni SDK includes both a C++ and Java 
API, Pricing is $1560,00 for a client license, 
and $20,CXX) for a complete end-user pack¬ 
age, including training and support. 

POET Software Corp. 

999 Baker Way, Suite 100 

San Mateo, CA 94404 - 

650-2864640 

http://WWW. poet.com/ 
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TE Edit Control (Advanced RTF control) 
HTML Viewer/Editor Add on for TE 
Re port Ease Plus (report writer engine) 
SpellTime DLL and dictionary 
FormPlus (form designer/filler) 

Rich Text Grid control and ChartPro 


Demos: www.suhsystemsTom 
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11 Tiger Row, GBargelown, MA 01833 
978-352-9020 Fdx: 978^352-9019 


The futlire is in your hands. 
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RdpNxujare Office Suite For Linux: $99.95 
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. . . -15 la-« ^Tat s TrlTeal COE tor Linux: $99 95 , 

' .Red Hat Secure UJetj Server: $99 95 \ 

* ^Gdoks I 
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MaxiTHum RPM: $34.95 
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Serial Communication Libraries 

We fulfill all of your serial communica-^ 
tion needs for Windows NT, Windows 
95/98. Windows 3.x, and Msdos. 


CQMM-DRV/Lib High Speed serial communica¬ 
tion, file transfer, modem control libraries & DLLs. 
Supports most multiport cards under all Windows 
& MS-DOS. Timed & asynchronous callback 
events. (Price 5189.95) 


COMM-DRVA/xD VxD for Ultra high speed serial 
Gommunication on all single and multiport cards 
with the 8250, 16x50 family of UARTS. Multidrop 
& 9 Bit Protocol. Wndows 95/98, & 3.x. ( Price 
$189 95) 


Multiport Cards 2, 4. & 8 port multiport RS232, 
RS422, RS485. (Price: $69.95 a above) 


Other tools: Sl-Scope, serial communication 
hardware accesories. and more. 


See our weekly specials at our web site belowJI 


WCSC (800)966-4832 

621 B Longflowor Ln FsWfc.iBB Tel: (281)360-4232 
KlngwCH^. TX 7734B Fax: (281)360-3231 

Internet: sales@wcscn 6 t.com 

http ://www. WCSC net. com 
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All the Extras You Need! 

WIBU-SYSTEMS has the optimal solution for network 
protection of software. 

A single WIBU-BOX for LPT COM, USB.ADB, ISA and 
PCMCIA interfaces works in a network environment 
and offers theWIBU-KEY License Management feature. 
Profit from new ways of software distribution 
with WIBU-KEY! 

Call Now forYour Free Test Kit ^ j|||frf1 

(800) 986 6578 © 
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What does it take to get Microsoft'Certified? 


/Money Back If You Don't Pass Guarantee. * 


MCSE exams: 

NT 44JfWltsfrp.SfW;f/iW;NT 
15 1 IWkStn. SrvrJ Win 95 & 3. 1; 

ii$^TCIPmSOL 

£J a Arfniirt Wf?f Ess 
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Do you need ODBC, OLE-DB, and JDBC access 
to a proprietary or leoacy database? 


magazine or, any book. Please call 24 hrs/365 days: {8001 BO OKS-NOW (266-S766) or 
^702) 25S-3333 ask for ext. 1410 or visit us on the web at http://wvyw. Bo oksNow.coETt/Dr. Dobbs. Use Visa, IVf/C, 
The VivtUCll Bookstote^ or AMEX or send check or money order + $4.95 S&H (£?,50 each add1 item) to: Books Now, 448E 6400 South, 

Ste. ^12B Salt Lake City, LIT 84107 


NEW! developer pak $499 

(liKJudes Hems 1,2* & dwose TWO ftom 5-7 Ibted below) 


1. WinArch-l-Cert™ 2.0 n«wkTf«*rfw»wiwfl - Ji49 

2. WirtArch-M-Cert^ 2.0 - $149 

3. VB-Ceit™ 5.0 (vwjiaiiii*; -jt49 

4. VB-Cert™ 4.0 (vtMBaKAan - jj29 

5. AccessCert'" 1.0 ftaiiv -ii 2 g 

6. AccessCert™ 7»0 J 129 

7. SQL-Cert™ 6.5 ffqt4J iy,j l L i Bm i KiaM ii -I149 


To order, call 615-726-8779, FAX €15-726-8884 

VtSA/MaAMEX/DtiOMOYCOD Add $4 sAh {tZS oatsidt thm US) 


Dr. Dobb's Electronic Review 
of Computer Books! 


Transcender* 

Cafpnrrtmn 

^42 Lnum 
IMasfwiM. TM37»3 


ONLINE ORDERING! 

■ ■ §% M M V ‘SMMrNMlIMAi 

.tlAfclAfelAki ^“'■'hSS 


4 fndependent reviews of technical computer books 
♦ Written BY developers FOR developers 


OpenAcc^'” oobc sdk 

is the quickest and most ^ 
economical solutloo i ^ 
for your needs! 


Your solution 
will be ready 
for distribution 
in weeks. 


Call usl 
We would be happy iq 
disouss your needs. 


automatlo/i technology, Inc. 
2890 Zanker Road. Sulle 200 
San Jose. CA 9S134 

Ik Tel 408/473.0200 

Fax 408/473.11201 

tiUp://www.ennBl.cam 
sal as fennel .com 


We Can Help! 

Aftamlng Mferoso# Certtfioation is no easy task. But the professfonat and 
finaociol rewords ore worth ft. Transcender exam simufattons give you a 
reatisfic preview of the nature and difficuity of Microsoft certificafion 
exatm. Our exams show you where you need to focus your studies and 
give you detoOed expiatKifions of every answer to eve/y i^uestfon. 


Where do you find 

116,000 

professional 
software developers., 

monthly? 
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Interactive Disassembler Pro 

Interac^e' auto-commanfing lisassombler 
NOW WHH SlAHDAStD UBRAR1ES RECOGNITION I 
bockground onol/sls, unimited tl 2 e of Input file 
EXE, NE, LE, P£, LX, NLM, Bloofy. ROM and more 
fi0?(a6, P«iHum , Pertflum Pid, MMX, ZdO, 5061> 6502, | 
6aX, 6aOX, JAVA and more ^ 3tlll f 199 + sAh I 

Fast Library iDtelligoDt Recognition Technology 
relegates classical dtsassembler technology Into 
prehistory. Your dhsassemblies suddenly come olive 
and familiar symbols spring In sight. Get our free 
©valuation from 

www^datarescue.oorn or www.ccso,com 


ZIP TOOLS 


Ljaok to Inner Medis for all of your ZIF/UNZIF | 
de veloprr^en t needs: 

DynaZlP is the industry leader for zip compatible 
n^yalty-free data compression. 

Active Deliver^ is the answer when you want to add 
self-extracting zip file creation to your Applications. 

AJt products have a full 30-day no risk guarantee. 

Inner Media, Inc. 

60 Rain Rosd, Hollis, NH 03049 
(000} 062-2949 

(603) 465-3216, Fax (603} 465-7195 
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Zip and Unzip from your apps with the 

XCEED ZIP 

COMPRESSION LIBRARY 


• Easy to use VBX, OCX and VCLs 

• Fast, compacl and reliable 

• Over 40 Zip and Unzip functions! 

• All 16 & 32-bit controls for $199.95 
New sfiJf-extractor add-on for Xcoed Zip lets your 
apps create customized lE/3Z-ijit self-extracting 
Zip files. Only 599 with purchase of Xcead Zip! 


Get the fully functional free trial verstoni *t * 
WWW. xc eedsoft. com/dobbs 


Xca«i S^jRvirare 1-600-865-2626 1-514-442-2626 




Professional WTTS & 

MSMQ with VB& ASP 

This book covers everything you 
need to build secure, distributed 
applications with MTS and MSMQ- 
using DNA, components and queues. 

Author: Suasmac & Homer. 1-86100146-0 f39.99r 
Visit your Incxt btivkstare view & full TOC and 
s^iunpfe chapter at ww.wrou.com. 
l-aOO-USE-WROX 
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The best cross-platform 
compression libraries 
for Win32, Win 16, 
DOS, OS/2, Unix, 
Macintosh, and 
embedded systems. 


Robust 45“function API compresses 
buffers, files, orchives, disk spanrting, 
encryption, salf-exir. EXE's and more. 

FREE DEMO Coll 1-000-775-1073 

Tel (6061 245-4175 
Fox {606] 245-9305 
WWW. demi cro. com 


DC Micro 
SS Development 


Bug and Feature Request Tracking Database 
Tracks 

bugs from Ijittial nsponl ttirougb final nesoltitron 

Manages 

' fealLiraB friom first requesl through implemenlatiori 
Organizes 
everything you rt&ed to create a lop-qn^ily product 
Sorts * Fitters * Reports - Graphs - exports 
your software development data the wa^ you wai>t it 

Nesbitt Software Comoraiion 

DcMffidQada FREE SCkfay BugCciectortrlal fnan http^WwwjiesULoxnr 


C++ COMPILERS 


3 C 


CONSULTING 


3 (DOCUMENTATION TOOLS ) 




^1 -S 



C++ 

Embedded 

Compilers 

Sn 

^^Dev, Tock ^ 


CADUL 


hctp;/}www.cad u I. com 


USA 

Pli 6C:2-?xS-818fl 

m KrlcAcDcU com 


+44-l»l'626267 
. iditi lAtaU uL e on. 


GERMANY 
Ml. 731 ?5?60U 

■dI D iSmiliil £DFn 


'JeOM 


INC. 

Dnvai TKhnalDgy Canting 


Reduce Time to 
Market 

Over lOO yeare of 
Driver and Embedded Expertise 

Cross Ptatform Porting Experts 

Opafating Systems: WinXr«Wtn85«SQlaris«HP-IJX>AtXi>lJb)imire 
lRri(oUnuM<SCO*VxWorks>gSOS 

Drivftrs: lSDN-TCPflP-ATM-AD5L*LAN-TTV.PPP*FD0l 

NDIS*STflEAMS4XPkSS7iTl/E1*X25-Majiy mare 

HWPtatferms: KS6-PPG-MiPS-SPARG4>SP-ISA*PCt*-PCMCIA 
YME*PMC«Dof!ipa£:ljPCIvEtSA4^niChann0l»R 100 

EMStt: teOfni^tcDm-iric.com 
Web: hllp'./.'www.toom-iiic.com 
voice: 97(Jr539-1777; askfor Jtm 


Generate Documentation 
from yuur source code with liiicitff 

IFTMI,, 

MSHclp, and 
MSWifrd 

donimeiUittan Train 
CDiQmrnts in >VDr 
<wJc - tfld jvu wvit'l 
Deed tn chan|r yvnr 
cninmcnling ftyk! 
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C++ LIBRARIES 


html++ Product 

CGI Glass Library 

Compatible with all internet web servers 
Generate interactive web pages in G+ 4- 
Ideal for webifyfng aotoboses 
No more Peri or scripting 
Automates CGI, cookies, forms, state 
Win32, Winl6, OS/2, DOS, Unix, Mac 

FREE DEMO Call 1-800-775-1073 

PW nr Tel (606) 245-4175 

Micro 245-9305 

kS DeVOlopinent www.dcmicro.com 



Code Co-opiM 


I The first fully distributed version control system 

* No LAN or Ceahul Server reqmrpd. 

‘ SyiKhrooizatioa through e-nmil. 

* Intuitive GUI» ubeck-in, dieck^out, synch, dlfi: 

* DownJoad d» fully fimctioEml trial veniou 
from our web site. 


RBlisble SoftwarezM 

Smrt Tools for Smart FrognmmersjM 
hcqji^/www.relisoticom mfo^lisofr.com 



, BI 

Boost youlBasiclJr* 

Boosi ^program^lnto orbiti VB, 00 /.' 

PS, C £ XbaselibfWs. Froe derro di^ 

& tmtfet - can now! ^o@^atech.oorn 
‘PnilliIMVB - niuneifes^ ProBa$ -DOS lib^ 

'HnLlfaAfB-^ndBt * SfMlChidiiVS 

'VfliillM>fo-lBlaihmv*BtfCD^ j_ _ _ 

'I Ciittom PrDgrantminqi VB, G, Aeceti, J 
leiapbny. math, tfsb CR ASP, Java. OfiUlO! 


80(M47-9120 X1338 

DepMm too Par1^Avmue,Su!te36fi,RocMlls MO 20850 I A 
tirr:4^30t-424-39O3 Fa5(:301-?62-8lB5 605:301-762-8184 I 4 

www.teratech.com/ddj 




















































































1-888-646-1S33 
Bumbie Bee Software 

P.O.Box 2007 
Westford, MA 01886 
lnfo®bbeesoftKCOm 


^New-Version 2.1. 

► Geoerates cfocumen* 
tat ion. directly from the 
source code. 

► Extracts connments, 
► User customized 
reports formats. 
► KTMUWinHeip, 
RTF. 

► FREE working 
evaluation at 
www.bbeesoft.com 
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SECUKI1 Y 
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EDUCATI 




ADDRESS For Success 

http://www.aics.edu 




• Earn B.3. aiid M.S. in Cofnputef Sdenoe 
- rWSTTAfJCE EDUCATION 

• Object orfemed B.S. program m- 

• New cour^ in Java, Networking, HTML MIS 

• Approved by more than 27S (XMipsitiee COMPUTER 

• Follows ACM/IEEE guklellnas 

• Thousands studenis throughout U.S. 

Free cetabgus 1-60O~7Bf~AICS 
or htip^/w¥i/w.aics,sdu. 


AMERICAN 


SCIENCES 


SciTech MGL ■ Seturefy Sell Your || 

Now FREE with Full Source Code | SoitWOrC WOtltlwid U 


SaTech MGL is a complete graphics SiPBry fcr Windows 9513.1/NT 
I DOS ^at has becfi used to develop leading Utes Ike WftiOuekeil 
and Hexon ffb. SciTech MGL can be ported te otitef OS's in as few 
as 1DOO lines of code. InciiKlH: OpenGL® API stqiport sprte 
Ibrary; Game Framework; hardwaro Idpte buffering; support for 
stereo LCD shutter glasses; automate detection A utilzaten of VGA, 
ModeX. VESA VBE. VBOAF. VUinG, CneateDtBSectfdn & DirectDraw; 
and more. Supports standard PC-h- compilers 4 Borland Dek^hl. 

For more intonnailian caB (530) 0944400. 

Download SciTech MGL with ful source ct^e torn our website at 


www.scitechsoft.com 


vf^ 


> (' PRODUCTS 


iv/jiNTEDl 


_ _ SOFTWARE PROGRAMS 

uQOkinil lor paitnte in pioBtl 

You provide the completed Small Bustness. SOHO, Rnincial 
or Persona) Productivity softwere program. £-Z Legal 
Software will prwkts pacfcagtng, duplicetion, imarketlng and 
sales personnel to generate royally checks for you. 
Wit. distribution In more than B&OO retail outlets, we have 
the experience to launch, rr^rket and sell your program at retail 
rtnocosltoyout yuj yO;. M|||H|22-4566 )tl» 


294 S. MUhtary Trin. D»rTtilcl aeacli. FL 33^42 
Pliont (fS4) 4S0'9aO3 • Fax (954) 4aO-a{Mlfi 

flttp^/n*fWW-6-J!lBUaI.CD}fl “ UdckQH-JElBUAl.cam 


Rainbow has software, hardware and 
Internet solutions to help developers 

■ Increase Sales 

m Expand Distr/butfon 

■ Prevent Piracy 

800-705-5552 igRAINBOW 

www.rainbow.com 



Reliable Scfiware Security 


Cost elfective products for all 
levels of softw^ protecbon 
and authenticatioFL 

• CRYPTO-BOX0 band donees, 
SmaitCard, PC Cards, and 
exibensidn i^rds 

• Software based m€teriif)g syslms 

• ActiveX, (X^ & VOL componertts 

I iP som 


SORWARE SEWRII 


TIMMST FJUtTTI-l 

1400^27-9466 



( ELECTRONIC FORMS ) C PROLOG TOOLT 



Add ANY FORM 
To Your Windows Applioaffon! 

lip your tdtiinn* 

diveloiMMnt Hmt by using Nelco^i 
"sihsnstve form MjtvIm t form crttfion mtvIccs, 
< PCL, Placetete MeiafitoB, PDF Foimi^ < ReM Forma hdormation 
for Bwy Eoiin • Ssniito Metolle Coda ki VtetuI Basic A Dikihl • 
GovwiTTiem Appiond Fomia * ScanAwccKteig Abttieo 
WrotfrSpfiwyigwifape^ipMC 
ftttp:/finm.taxform*.co^^ 

JU: 1421K33M013 * N Bn m 

nclcoinlrtgftnalcoliic.eonL tma iay wn MMT 


Add Intelligent 
Cnmpnnnnts 

Diagnose, advtse, configure and pian 
with the AmziP LogicServer^ tools & 
libraries (dlls) for C/Ci-h, Java, VB, 
Deiphi, Web Servers & more. Win NT 
95 3.x S Soiar/s. Use ODBC, Sockets, 
Unicode <£ new OOP extensions. 
FREE Evaluation Version/ 

Ain^i'ine. £ma//info@amzj.ooni 
Ca/j t1-51 3-425-8050 Fax 425-8025 



TOOLS 




f /ruferstarn^ For C+ + 

Analyzes your C++ source code to help you 
quicMy understand your software- 

^ * Hypertext source & Qass Browser 
% * DetaiJec! Interactive Cross Reference 

* Invoeatiofv, Include, Declaration Hcirarchy Cham 
HTML Publishing of Code & Analysis 
WYSIWYG prioting. Clipboard & Bitnmp Output 


Downlaad your 
eval copy today. 
www.5cittx)i,5,corn 
(603J 44S^Q60 


Scientific Tcrolworits, Inc. 
115 Etna Road Suite 18A 
Lebanon, NH 03766 


( GRAPHICS LIBRARIES ) f SCRIPTING LANGUAGES ) 


lEf GUI 


■ Portable Embedded GUI 

• Small, fast, easily ported library 

• VGA, LCD, and input drivers included 

For Jull information and free demo: 

WWW. smxi nf o. com/pegdd. htm 


MICRO DIGITAL INC 

Innovation Leader 


800-366-2491 

714-373-6862 


CGI scripting is a piece of 
cake with Winductor 2.1 



Easy and daar syntax) 
Nalivo to Windows 
Integrated dobuggirg - 
can Be debugnao wltn 


uggsd 

Bctu^ FOBTte data from 


Usaemeil FTP, HTTP, 
HTML-parsing and file l/D 
direclly trnm the scripts 
Script and nrchcsDate 
ottter WinduwS programs 
Easy tc^tollnw CGI tutorial 


Dow/tieadyour fret 
tiftiaetitn etfiy todey 


Wlndui 




Dfiskbiti Saftwa 
IVmmon SLi5S1.Fran»i^wTLMADt7ai 


__ L 




VICTOR 


Image Proc^ing Library 

Fast BMP, HFF, PCX, GIF, TGA, PNG^ JPEG Adjust 
brightness, corrtrast, sharpen, create fitters, r^ize. rotate, 
irfmm of single image, muPtiple images, or any image area; 
color reduction to o^mum. spedfic, or std. palette; print; 
scan; crop, combine, compare, blend images. 

DOS 1199 J 6-bit OIL $299, 32-bit Dli %499 
Catenary Systems 
314-962-7833/fax: 314-962-8037 
WWW .eaten a ry .oom/victo r 
ask for free demo sre avail vjsaMK/c.o.d, 



sPtURIYV 


CrypKey Software Lkensing System 

^Software prolECtlon wttfi NO hardware lock Arid NO disk 

LrypAcy It MAWh OVJf pPMCCUon Hut IS; 

* climfileldy Kin hfin «iv nl^ 

. pvfict kv CtLMOM [V INTEiHtT nksMuitUil 

* »fl rfmM. iiMi »ynillt, tnd lixn^ ttuMAnturi ts mliuyi' 

CrypRr? 

* ii^Mi ofHlm wd Imit tf ymt iOtsmt/t 

' Iebc-DT dcim four icttAaFr rum wHmE 
■ gr vfiyrpiM iNHir OKtenw htftmtV tv >W cr mi4 

Mq|tie Hud|.-T«-Try >e«um opw Kwii <H.ws 1 tMI «i^ ptr cuHonw 

fiftM wnqwi A<td.qn nKM* 4ipi^ni. trHUt, nw w bm* In 9H>ft*)g h«n»f 

N«w1 CiypXET Jndaiit.pfiitKli n )ibI 1 mlnirizi with nn Haim tude dungei. 

' h Dorqitabh MSOD&. MS.'MHfcim Ls. Wkil2v VWiK. Wn MT. 

mBiagn pctwon kvw on il Mm ind gptnOng bH«d n«i 

Cuplf^ to pthduud iff Knwic Contrtb Ltd.—ftigtHMkig wid itnee 1 971. 


71» - Iftli Uavt hiut 
Mwrito. 

(40S> 2Sil-4n» Ik {4031 




C and C+* DOCUMENTATION TOOLS (v. 7.0) 


• C-CALL ($8i| GrH|}t^-lrieflte*terA;Blle(fft|[»c*Iii hipiiTliy, cross-rBieneiHS. 


■ C'Cm (f69| Cruks/Uwrls/iJiMlaflK csimtisiiil-blDdis (Eundnfi&AdsiilttiBrfi 
usilf} For «ach hindlflii. 

* C-METTUC (|S9) CaicuiMB^ iHth comn^exity, nHints linos with ctjimnefies, cods, 
'Z' statfioiBnts. 

■ 0-il5T tfgfl LlEls tnd adton-diagtziM, oriiFtirii^ intu uBar-sdodfeU 
^afidard krrriBb. 

’ IKte) CmiH Er«Mvlnna of Hnl/oMuEikiltifiiiariiiide tdaiinicrs 

* G'ODC (SI ^ PACKAfiE AH 5 (ifagrams intBotaftiO le DOS program. <10.000 
ineSL C.HRDWSE WMows grB|]hric-lrw vhhel 

* C'OOC ffrofessiMil {$299| QOS, W^kIows. aS/2. lines 

*WYFVEH7.ff! WEI HTML REPOHTS! 


SOFTWARE BLACKSMITHS INC. 

BD64 5t Ives Way, Mississauga VDice/Faa (905f B5S-4466 

ONT Canada L5I+4M1 http:/^www.swba.ccim 
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Java&C++Traming 

fur Developers Who Need to Deliver 


m 




m Ultiniate Java Bregmmmmg 

■ Advance Java Pr^aumiing 

■ C++ PmgT fltnTTTTn n 
a Object Oriented Analysis & Design 

PETRONIOa 

Technology Group 

781-T78-2000 

FREE Jova Quick Reference Card 


www.petronio.com / ref ddj 
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The Dublin Corps 


I was loosening tongues with alcohol, working the late bartending shift at Foo Bar, the Silicon 
I Valley hangout where the elite meet lo lie indiscreet. 1 had just poured British iournalist 
I Laurence Wilde his llrsi gla.ss of Cbardonnay of the evening and refilled Maureen McBean's 
Haig 8l Haig. Joe Weaver hadn't come in yet. 

Joe was under no obligation to hang out wltli Larry and Mo, 1 reminded myself, but T was so 
used to seeing the three journalist together that J had come to think of them as the Tliree 
Stooges. When one of them was tardy, tiiere was a certain ineffable Je fw s£iis quoi missing from 
the eye gouging and the head tliuinping. 

“Tills might interest you, Mo/ Uirry said with lamentaiile civility, (Lamentable from my point of 
view, that Ls, I only moonlight at Poo Bar for the entertainment value.) 

Just then, Joe walked In. My spirits rose, hut fell immediately. Clamped l)etwcen his teeth was 
an enormous cigar. Fotj Bar is a no-smoking establishment. Td have to pul (m my enforcer hat. 

''What's with the stogie, Joe?” Mo asked, swiveling on her bar stcx^L 

He sat and held the thing out admiringly lietween two fingers. “All the cool people are into cigars.” 

I plunked his customary cream soda down in front of him. " 

Bui he was on a roll. "Cigar parlors are the hot thing now, Tom Cmise and Arnold 
Schwa rt?:eneg*,.” 

Larry pushed the peanut dish in Joe's direction. “Positively fascinating, Jtjc. By the way, you 
might find this interesting—” 

“...are big cigar smokers. 1 dtm'l mean tliey smoke big cigars, although they might.../ 

I tried to cut in, "Ytju know, Joe, we have a policy — 

'Tve been asked to participate in the Dublin Core evaluation,” Uirry went on doggedly, intent 
on getting Iiis point acro.s.s. Jt>e turned toward me, smiling blandly, but Utrry had caught Mo’s 
attention. 

As I wrangled with Joe over the cigar issue, 1 ha If-listened to bury and Mo, From what I could 
hear, they were no more than ha I ft listening to each other. 

“Tile Dublin Corps, huh?” Mo said. “You know my family is Irish." 

“There's quite an alpliabel soup of schemes for facilitating search in electronic' d{x:ufT!ent.s—XML, 
XSL, RDF. tt's positively dizzying keeping them straight. The Duldin Core is just one of them.” 

“A Brit would say that. IPs not just one of itiem. It’s the most imjiortant one. It's our island.” 

Larry pressed on. 1 was explaining to Joe that there is no cigar exemption to die California 
smoking ban, whatever he may have heard. “But the Dublin Core initiative/ Larry said, “has 
already produced international ctinsensus on a base set of 15 elements for descriplive metadata.” 

Mo pushed her glass at me and mimed refilling it. “Okay, George Mitchell has clone wonderful 
work with the peace negotiations, but, Lirr>', you can't expect |x^{>ple to forget centuries of 
oppression. You Brits have got to get that ilirough your heads." 

“And it appears that the big guns at W3C are receptive to the DC proposals.” 

“Guas in tlie WC? You Limeys are such hoodlum.s.” 

“Tlie 15 elements are already more or less suppoited in i H’ML 4. Thai is, meia tags in HTML 4 
are underspecified. You clarify them by including a reference to a profile, a URL of a document 
that defines useful properties for meta tags. Duldin Core is one such profile,” 

Mo stared at him with the expression of a woman who has just awakened and found a 
reference librarian in her bed. “Whal the heck are you talking about?" 

“Tlie Dublin Core, The 15 metadata elements. Title, subject, descripiion, source, language, 
relation, coverage, creator, publisher, ct>ntribuU)r, rights, dale, type, format, and identifier.” She 
continued to stare at him for a moment and then turned to Joe. “Joe, you can't smoke that in 
here/ she said, and took the cigar and crushed it on a coa.ster. 

“But 1 wasn't going to smoke it,” Joe wailed, i ju.st have it because cigars are the in thing.” 

Tfie heck with these clowns, Fm going to run off and join the Dublin Corps. You can, coo, at 
http;//purl.org/ metadata/duhIin_core/. 



Michael Swaine 
editor-at-large 
mswa ine @s wa ine. com 
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Discover CodeBase, the fastest and smallest database 
engine on the market that’s also xBASE file compatible. 
Query a million record table in 0.49 seconds or 
\ append ten thousand records in just 0.65 seconds! 


Client/Server 


• Enhanced security features including 
built-in Internet firewall. 

• New easy-to-use tools for monitoring 
database activity and managing user 
access. 

• Easy installation and setup. 


SESSW| ^ 



. 




Award-Winning performance S yeaffW^ mw! 



Now Available 


• Windows CE - Add powerful database 
capabilities to your applications with 
only 150K overhead, using our special 
Windows CE version. 

• ODBC - Combine the power of CodeBase 
and SQL with ADO, JDBC, VB,... 

• OLE DB Support - Get superior client/ 
server performance, with standards- 
based C++ programming. 

• BDE Replacement - Lets you use 
CodeBase with any Delphi control. 


Check out these features... 

• Works with C, C++ , Visual Basic, Delphi and Java. 

• FoxPro, dBASE and Clipper file compatible, including full 
multi-user compatibility. 

• Runs under Windows 95, NT, CE, 3.1, DOS, Mac, OS/2, 

Solaris, SunOS, AIX, SCO, Linux, UnixWare, DEC, Alpha, 

HP/UX,... 

• Scalable from stand-alone to client/server, without code 
changes. 

• Transaction processing and logging. 

• Full featured Report Designer included for free. 

© t990 Sequker Software Inc. Atl ngfits reserved. CodeBase ard Sequiter are registered trademarks of Sequiter Software (nc. AH other product names sire trademarks of their respective companies. 


XodcBase gim ACT! ike fast database access that contact management liters need/' 
- Michael Plasterer, Director of Development, Symantec 

FREE 30 Day Test Drive 

Test drive the new CodeBase 6 for 30 days with your own code. 
No risk. No obligation. No Royalties. Order today! 

Call: 403-437-2410 


SEQUri'ER 

SOFTWARE INC. 


Fax: 403-436-2999 Email: info@sequiter.com 
RO. Box 783, Greenland, NH 
In Europe call: (44) I8I-3I6-500I 


Web Site: www.sequiter.com 



















Visual 


What the trae^,, 
professionals dnve 

Fast Flexible. And ftiUy loaded. 


Symantec’s Visual Cafe for Java is 
the #1-selling Java development solu¬ 
tion. New Version 2.5 combines 
state-of-the-art Java technology with 
the flexibility to work the way you 
want to. So you’ll cross the 
finish line in a/faction of the 
time. Try it today! 


FREE TEST-DRIVE! 

Download a free trial version: 
http://cafe*symantec*conn 

Or, call for a free test-drive CD 

1-888-822-3409 



The world’s ltl~sellifigjava IDE! 

m Fastest Java compiler speeds your application development 

■ State-of-ihe-arL technologies help race you through tedious debugging 

■ JIT 3.0 provides the fastest JIT performance available 

■ Customizable work environment, with intuitive user interface and 
macro-programmable editor, lets you work the way you want to 

■ Open environment lets you irjtegrate your favorite tools, such as 
CASE and. Source Code Management 

■ Native x86 compilation^satisfies your fast run requirements 

■ 100% pure Java code ensures cross-platform portability * 

'A 

Symantec's Visual Cafe' for Java is the most robust^ productive, 
solution for building enterprise-read}' applications with Javal 
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